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GENERAL TEST PHILOSOPHY 


The problems of testing microprocessors has been elevated past the 
conventional methods of testing integrated circuits. Just the fact that 
the microprocessor is not a simple collection of gates in a random format 
or a well ordered structure, like that of a large scale memory, does not 
lend itself to conventional means of testing. What is meant by the conven 
tional means of testing is the commonly used DC test checking for inputs 
and output voltages and currents. This DC testing cannot prove that the 
microprocessor is operational, because there are from four to six or more 
levels of logic between the input and output pins. Also the conventional 
way to test random logic by applying a string of input patterns in a burst 
will only check for steady-state faults stuck at logic 1 or stuck at logic 
0, and will not check for any instruction or data sensitivity. 

There presently are many ways that both manufacturers and users are 
performing testing of mi croprocessors . These include methods such as self 
testing, comparison testing, stored pattern testing, and algorithmic-aided 
pattern testing. 

First Step in Testing 

The first item to be considered when testing a microprocessor is to 
understand the operation and architecture structure of the microprocessor. 
The operation of the microprocessor is controlled by the execution of an 
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instruction set unique to each microprocessor. There is a great variety 
of microprocessors on the market today, ranging from 2- and 4-bit slices 
to 4-, 8-, and 16-bit complete microprocessor units.. But of all the pro-, 
duct types, 4-bit slices, like the 2901 , and 8-bit microprocessors, like 
the 8080, have gained the widest acceptance and therefore are good exam- 
ples to use in describing testing techniques. 

In general, a microprocessor has two internal buses: an 8-bit bidir- 

ectional data bus, and a 16-bit unidirectional address bus (Figure 1). 

The data bus carries both the instruction code and data. Instructions are 
decoded and executed in connection with the appropriate controls in which 
data going to both the arithmetic logic unit and accumulator can be manipu 
lated by special arithmetic or logical operations. The address bus links 
the main memory where both instruction codes and data are stored. Stack 
pointers, program counters, and register files also supply information to 
the address. Finally, there is an instruction decoder which interprets 
each instruction and controls all operations of the microprocessor. 

Since a microprocessor is a complex sequential logic structure and not 
simply a few gates or an LSI memory, a true and meaningful test requires 
the understanding of the hardware architecture and software functionality 
rather than only the simple logic of the elemental structures. 

The hardware architecture is the internal organization with consists 
of an ordered set of modules, such as the register stack, accumulator, 
arithmetic logic unit, etc. Software functionality is a set of ordered 
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FIGURE 1: Basic MPU Block Diagram 
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microinstructions which can be used to monitor the operation of these 
modules. 

Upon developing complete knowledge of the microprocessor unit through 
both areas, one can develop an ordered set of test sequences in the micro- 
processor's instruction set for testing each module one by one until a 
complete test has been developed. 

In general, a microprocessor has two buses: an address bus and a data . 

bus. The address bus performs two functions, addressing the external mem- 
ory and/or addressing the internal scratch pad memory. The data bus also 
performs two functions, supplying input data to the processor and output- 
ting processed data. The data bus links the internal functions of the 
scratch pad memory, registers, arithmetic logic unit, etc., together. 

Modular Breakup 

The next step in microprocessor testing is to partition the device into 
modules, with some modules possibly overlapping. The selection of each module 
should be accessible from the input/output bus by the execution of micro- 
instructions. In other words, data should be able to be applied to the 
device input and propagated to the output directly or indirectly by the use 
of the microprocessor instruction set. The test then shall be generated 
for each module of the MPU so that a worst case test pattern will be run 
on that module. For instance, if the module in question is a RAM, a gal- 
loping I's and O's test pattern is used as this type of pattern is 
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considered to be worst case. 


From the standpoint of software functionality, a set of MPU instruc- 
tions should be executed when testing the first module. Proceeding toward 
the second module another set of new microprocessor instructions will be 
executed. (Some of these instructions may have been executed previously.) 
This process will then continue until all of the instructions within the 
instruction set are used while testing each module. Then a final test 
should execute all instructions to verify that all modules are working 
together. 

Two-fold diagnostic information is provided by this technique. First, 
from a hardware point of view if a failure occurs, the faulty module is 
pinpointed. Inherent in this type of modular procedure is the fact that 
convenient breakpoints exist in a module-by-module basis. Second, in con- 
junction with each module, a set of microinstructions are executed; if any 
fault occurs, the specific instruction(s) can be isolated and identified. 

Architecture and Test Flow 


The architecture of the 2901 lends itself to the modular approach be- 
cause of its own hardware and microinstruction architecture. Figure 2 
illustrates the block diagram of the 2901. In examining this diagram, one 
will notice that the device can be divided into the following modules: RAM, 

Q register, arithmetic logic unit (ALU), ALU source decode multiplexer, RAM 
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and Q register right/left shift logic. 


Once the information has been acquired on the module breakdown, a test 
flow can be generated. Since the 2901 has an ALU section, the first areas 
to be tested should be those areas which supply data to the ALU. The most 
logical of these is in the RAM module and then in the Q register module. 
Once these modules have been tested, they can be used as reliable data 
sources for the ALU module test. 

A typical test flow for the 2901 would start with the RAM memory, fol- 
lowed by the Q register, ALU source decode multiplexer, ALU, and finally, 
the RAM and Q register right/ left shift logic (Figure 3). During this 
test flow, all microinstructions for the 2901 will be used. 

Test Technique 


Formulating a test plan will differ between the manufacturer and user. 
The reason for this being that the manufacturer has access to the logic 
diagrams of the device, which the user in most cases cannot obtain, and 
their quantities are in larger amounts than the user's. Therefore, more 
elaborate tests can be developed which optimizes test performance and test 
time. The user has an advantage over the manufacturer because his test, 
in its simplest form, can be tailored to his specific needs, but the manu- 
facturers' test has to guarantee all operations of the microprocessor. Not 
receiving schematics, logic diagrams, or other circuit information the user 
must therefore rely on either vendor supplied test programs or perform 
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RAM Test A galloping "1" and "0" pattern is applied to 
the RAM in three combinations. 

1 . The RAM addressed by the "A" address and 
tested through the "Y" output port directly. 

2. The RAM addressed by the "A" address and 
tested through the ALU. ALU is held at a 
fixed instruction. 

3. The RAM addressed by the "B" address and 
tested through the ALU. ALU is held at a 
fixed instruction. 


"Q" A number 15 is loaded into the register and then 

REGISTER read. Next, a number "0" is loaded and read. 

r 

This is followed by a 14, 1, 13, 2, etc. until a 
"0" then a 15 is loaded. 


ALU Source The ALU Source Decodes are tested to see if all 


Decode 


RAM and "Q" 
Register 
Ri ght/Left 
Shift Mux. 


decodes are possible. The test is performed by 
loading values into the RAM and "Q" register and 
selecting all decodes while testing for any 
interaction between bits or selections. 


A series of numbers are loaded into the RAM and 
"A" register. These numbers are then used as 
inputs to the ALU. At the same time, all outputs 
and flags from the ALU are monitored, while 
incrementing operations the ALU can perform. 


All numbers from 0 to 15 are shifted through the 
RAM and "Q" register. While the RAM section is 
being tested, all locations are tested. After 
each shift, all possible number combinations are 
outputted to the output latch without clocking 
the latch, to see if there is any latch sensitivity. 


Approx. 

50 


Approx. 

1000 


Approx. 

8200 
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extensive characterization to generate worst case test patterns. This 
characterization is needed to guarantee full operation of the microproc- 
essor for a variety of applications in which the device is used. 

I 

The Optimum Test 

At first glance of the 8080 MPU block diagram (Figure 4), the complex- 
ity of the device is not readily indicated. This is because there are 
only eight data input lines. However, in addition to accepting data from 
the input bus, the MPU can accept data from internal registers and accumu- 
lators. If the MPU could only perform one instruction, a test could be 
developed without much difficulty, but the MPU is capable of executing many 
instructions in sequence. Because of this, the number of combinations of 
instructions and data patterns that the MPU can perform would be extremely 
long. 

A commonly used formula for calculating the total test time to exhaus- 
tively test an MPU is C = 2^*^. Where C is the number of combinations of 
instructions and data patterns, M is the number of data bits in each word, 
and N is the number of instructions the MPU is capable of executing. 

For example, an 8-bit MPU that only has ten instructions would require 

80 

2 test cycles for an exhaustive test of all possible combinations. 
Assuming a test cycle of 1 us, the MPU would take approximately 38 years 
to check all combinations of instructions and data patterns. 
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The 8080 MPU can perform approximately 76 different instructions. 

Using the above formula, there would be a total of 2^^^ possible combin- 
ations that could be performed. Obviously, this is an astonishing number 
to exhaustively test the 8080. 

Test Techniques 

Once realizing that the optimum test cannot be created, one looks for 
other means to test the MPU. The first approach considered is called self- 
test. The self- test is the simplest and cheapest means of determining if 
an MPU is working. Self-test, or in-circuit test, is the technique in 
which the device is placed in the circuit where it will be used and tested 
for correct operation. This is utilized by some users who feel the cost of 
incoming inspection cannot be justified. Therefore, they will typically 
test the device using several different system operations. The advantage 
of this testing is that the actual operation of the device is tested in its 
circuit, eliminating the requirement for a separate costly test system. 

The disadvantages of this technique is that any of the in-circuit condition 
changes, like voltage fluctations, temperature, timing, and instruction 
changes, may not be detected until the unit is in the field. The rework 
cost of finding and removing a faulty device must be considered before this 
method of testing is selected. Typical costs for finding and replacing a 
gate is as follows: 

$3.00 to $5.00; Board Level 
$30.00 to $50.00: System Level 

$300.00 or Move: In Field 
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Since an MPU is more complex than a gate, the above cost would be 
multiplied by the complexity factor of the MPU. 

The second method of testing is called comparison testing. Comparison 
testing is the method in which a known good device is compared to the 
device under test. The hardware required for this type of test is very 
simple, requiring only a pseudo number generator connected to all inputs 
and all outputs from the known good device and comparing the device under 
test (Figure 5). If exact comparison does not occur, the device under 
test is considered bad. The advantages of this method is that the test 
system is inexpensive to develop and with a little more hardware added, 
voltage and timing conditions can be created. Also, if the device is oper- 
ated for a few minutes, most paths through the device will be checked. 

Like any test method, it has its disadvantages also. The biggest disad- 
vantage is that this method requires a known good device, which is a problem 
in itself. Some MPU's have illegal instructions, therefore, no guarantees 
can be made for the data coming out of the device. Also, critical timing 
into the device may not be able to be maintained if pseudo numbers are 
applied to the input of the MPU. Last of all, if the device fails, no fail- 
ure information can be obtained to determine the cause. 

The next method of testing is the stored pattern method which utilizes 
a known good pattern stored in some form of data memory. This pattern is 
then applied to the device under test in a burst mode and the device outputs 
compared to the stored response (Figure 6). There are two means of gener- 
ating patterns using this method. The first method is to input a test pat- 
tern into a known good device and record all input stimuli and output data. 
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The input patterns would be created from some known application. 

The second method of generating the stored pattern would be to develop 
a software or hardware simulator for the device to be tested. A known 
instruction sequence would then be stored and used to compare with the 
device under test. The advantage of this technique is that the user's 
instruction sequence can be completely tested and that sensitive data paths 
can be checked with ease. Since the tester that is required to perform 
this type of test usually incorporates variable voltage and timing circuits, 
these parameters can also be checked. The main disadvantage of using a 
known good device for generating the test pattern is a "known good device." 
What test is available to determine what is a known good device? The dis- 
advantage of the stimulator approach is that a software or hardware simil- 
ator is required. Since the schematic and logic diagrams for each MPU are 
not readily available from the vendor, it is difficult for a user to develop 
the simulator. Even if these could be obtained, it would take a knowledge- 
able programmer three to six months, at least, to develop the software. 

Other disadvantages to this method are: 

LARGE, EXPENSIVE MEMORY. High-speed random access memories or 
shift registers become quite expensive when any great amount 
of memory is needed. In testing the program counter for the 
8080, for example, 262,000 distinct patterns are required. A 
memory test on the register array of an 8080 takes approximately 
50,000 patterns. The cost of memory can quickly become a major 
part of the total cost of the test system. 


- 15 - 



LONG TRANSFER TIME. The overhead time required to transfer 
a long pattern from disc, core, or other mass memory to 
high-speed RAM can make a large dent in the throughput rate 
of the test system. If transferring a 1,024-bit pattern from 
disc to RAM takes 50 milliseconds, a typical figure, trans- 
ferring the test pattern from the program counter takes 13.1 
seconds of overhead time, in addition, to the test execution 
time (262 X 50 X 10"^ Seconds). 

INFLEXIBLE PROGRAM. The stored program cannot easily be 
modified while tests are in progress. This rigidity makes 
it difficult to perform special or unusual tests on a single 
unit. A substantial amount of off-line software support is 
needed if such tests are to be accomplished. 

The algorithmic test method utilizes a high-speed programmable pattern 
generator in conjunction with a local buffer memory. The contents of the 
buffer memory is a test pattern consisting of microprocessor instruction 
sequences and either full or partial data input and output response patterns. 
The buffer memory pattern is then applied to the microprocessor under pro- 
gram control of the pattern generator. A distinct advantage of this test 
method offered by the use of a programmable pattern generator is the ability 
to choose how the test pattern is applied to the device under test. This 
will in turn determine whether the stored data pattern and output response 
of the microprocessor is full or partial. 
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The first option is to apply the test pattern in a burst mode as in the 
previously defined stored response approach. In this case, the device 
data pattern and output response stored in the buffer memory is complete, 
with the pattern generator acting as a counter to advance the test pattern 
vectors. 

In the second mode, special algorithms are written for the pattern 
generator which simulate the microprocessor instruction execution. These 

special algorithms input microprocessor instruction codes and data pat- 
terns at the proper point in the instruction cycle, and compare the device 
output accordingly. However, the device data pattern and output response 
may be partially stored in the buffer memory and partially generated in 

real time by the pattern generator algorithms. The effect is to enhance 
the MPU test program by allowing a significant increase in the number of 
test patterns used, enable additional tests to be performed that would be 
difficult, if possible at all by any of the previous methods, and reduce 
the total amount of stored test vectors. A disadvantage here is that in 
addition to the buffer test pattern required, a separate program for the 
pattern generator may be necessary which increases the complexity of the 
total effort. 

This technique, which eliminates the delay time in transferring pat- 
terns to mass memory, is extremely efficient and flexible in generating 
patterns for logic modules such as binary counters, random access and 
read only memories, shift registers, as well as microprocessors. 
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When used in conjunction with the module approach, algorithm pattern 
generation permits faults to be diagnosed so that the particular module 
or instruction which caused a failure can be isolated. The disadvantages 
of this method is that a sophisticated tester is required. The programmer 
needs to be knowledgeable of both operation of the MPU and the test system 
itself to develop the program. 

The recommended approach to be described is a combination of stored 
pattern and algorithmic techniques. This approach was selected because of 
its ease of program development (stored pattern) and its thorough testing 
ability (algorithmic). 
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II. BASIC BLOCK DIAGRAM 


As shown in Figure 4, the basic microprocessor unit includes a data 
and address bus, accumulator, arithmetic logic unit, register files, stack 
pointer, program counter, and timing controls. In the following figures. 
Figures 7 through 11, the 8080, 8008, 2901, 6800, and 1802, block diagrams 
are illustrated. 

8080 


Using the 8080 (Figure 7) as a reference, all other MPU's are structured 
very similar. Other than their instruction set, they differ as described 
below. 

8008 

The 8008 (Figure 8) is very similar in architecture to the 8080. The 
basic difference is that the 8008 has seven 14-bit stack registers for stor- 
age of return addresses as a result of subroutine calls. The 8080 has one 
16-bit pointer for controlling an external memory stack allowing more than 
seven levels of subroutine testing. 

2901 


The 2901 (Figure 9) differs the most from the 8080. The 2901 is only 
the process portion of a basic MPU, a 4-bit processor, which lacks any 
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FIGURE 9: 2901 Block Diagram 
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ordered instruction set. Therefore, the 2901 does not have an instruction 
decoder. The 2901 does have a register array (16 words X 4-bits), an ac- 
cumulator (4-bi.ts), and an arithmetic logic unit (ALU). The 2901 does not 
have a program counter to control from which memory location the next 
instruction will be fetched. This is controlled by external circuitry. 

Last of all, the 2901 cannot execute a jump or subroutine call by itself; 
thus, it also lacks a stack pointer. 

6800 

The 6800 (Figure 10) is structured similar to the 8080 but does not 
contain a register array. External RAM is used for all scratch pad oper- 
ations. Also, the 6800 includes two accumulators as opposed to one provided 
by the 8080. 

1802 


The 1802 (Figure 11) architecture is similar to the 8080 except that 
the program counter and stack pointer are included as part of the register 
array. Also, instead of having a 16-bit address bus it has an 8-bit bus, 
which multiplexes the address in 8-bi t bytes. 
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EXPANDED BLOCK DIAGRAM 
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III. MODULAR APPROACH 


As previously shown, all microprocessor units have a similar architec- 
ture from which a basic test philosophy can be adopted. This philosophy 
is to develop an approach to test each module separately accomplishing the 
following goals: 

A. Verify the functionality of each module within the device using the 
input/output pins of the device and its instruction set. 

B. Test for destructive interaction between functional modules. 

C. Verify all timing, status information, and interrupt operations of the 
devi ce. 
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IV. DESCRIPTIONS OF THE MODULAR TEST APPROACH 

Since each MPU is structured around a similar architecture, a common 
test approach can be adopted and applied to each device. Once this 
approach has been established, further requirements are to implement the 
approach according to the specific architecture and instruction set of 
each device. The following is a basic description of a generalized test 
approach for each module previously described. 

A. Program Counter 

1. Verify reset state. 

2. Verify that the counter can be incremented through its maximum 
range . 

3. Check any possible register transfer to the program counter. 

B. Register Arrays 

1. Verify that each register can be loaded individual ly , if possible, 
and its contents stored to the data bus. 

2. Verify register- to-register and register- to-output transfers with 
all possible number combinations. 

3. If the registers can be incremented and/or decremented, verify that 
they can accomplish this through their complete range. 
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C. stack Pointer 

1. Verify that the stack pointer (registers) can be loaded. 

2. Check to see if stack pointer transfers are valid. 

3. Verify increment and decrement operations. 

D. Arithmetic Logic Unit 

1. Verify ADD operations, with and without carry. 

2. Verify a SUBTRACT operation, with and without a borrow. 

3. Verify, all shift left or shift right operations. 

4. Verify rotation of a numerical value, if applicable. 

5. Check all logical operations, for example, AND, OR, EOR, etc., when 
applicable. 

E. Accumulator 

1. Test to see if it can be loaded and read. 

2. Check for any transfer operation that can be performed. 

3. Verify that the accumulator can be incremented and decremented. 

F. Timing and Control 

1. Verify that all control timing occurs at correct reference points, 
for example, data bus enable, sync signals, write enables, etc. 
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2 . 


Exercise all control operations on the device to verify operation, 
for example, WAIT, HOLD, INTERRUPT, etc. 

3. Verify any status flags that are produced during an arithmetic 
operation, such as carries, negative or positive numbers, over- 
flows, etc. 

Instruction Decodes 

1. Verify full operation by execution of the complete instruction set 

2. Verify execution of branch and jump operations. 

3. Test for interaction between all modules, and verification of all 
data paths between modules. 



V. PROCESSOR TEST DESCRIPTIONS 


A. 8080 

The 8080 is an 8-bit microprocessor using an N-channel silicon gate 
MOS process. The 8080 can be divided into the following modules based 
on its functional block diagram (see Figure 7), 

Functional Module Breakup 

1. Timing and Control 

2. Instruction Decoder 

3. Program Counter 

4. Register Array 

5. Stack Pointer 

6. Accumulator 

7. Arithmetic Logic Unit (ALU) 

Due to the complexity of some tests on the modules, a flow chart 
of the recommended test will be used to ease the burden of understanding 
the test. 

Timing and Control Test 

The first test on the 8080 is to verify the operation of all timing 
and control signals. This test was selected first because the basic 
operation of the MPU requires that timing and control be present. 
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TEST 1, RESET: Verify that the Hold Acknowledge (HLDA) 

appears following the rising edge of clock 01 and that the 
Data and Address buses go into a tri state condition fol- 
lowing the rising edge of clock 02. Verify that the Inter- 
rupt Enable (INTE) is reset. Last, following the removal of 
the reset, the Program Counter is equal to 0, which will 
appear on the address bus. When performing a reset note 
that the reset signal should be present for at least four 
clock periods. 

TEST 2, TIMING: Execute a NOP instruction following a 

reset, verify that the SYNC signal occurs within the first 
clock cycle, that the DBIN signal occurs in the second clock 
cycle, and finally, that the Program Counter increments 
and that it is present on the address bus during the fourth 
clock cycle. Follow this NOP instruction with a Store 
Accumulator (STA) direct instruction and verify that the 
Write (tTR) goes low during the third clock cycle of that 
instruction. 

TEST 3, HOLD: Present a Hold signal to the 8080 and verify 

that during T2 time cycle Hold Acknowledge (HLDA) appears 
and the Address and Data buses go to tristate. Upon re- 
moving the Hold signal, verify that HLDA is removed, and the 
buses are enabled. During the time that the Hold signal is 
present, the 8080 should be in a Hold operation for the time 


- 31 - 



that the Hold signal is present. 

TEST 4, INT: Execute an Enable Interrupts (INTE) instruction, 

followed by a few NOP instructions, and present an Interrupt 
Request (INT) to the 8080 during an NOP instruction cycle. 
Verify that the Interrupt Enable is present during T1 time of 
the next instruction. This INTE signal should not go high 
until T1 time. Upon presenting a reset signal to the 8080, 
verify that the INTE signal is removed. 

Instruction Decoder Test 


The next test on the 8080 should check the Instruction Decoder. 
This test is used to verify that the complete device is operational 
and that it will execute all instructions in the instruction set. 

This recommended test is designed to test all instructions but not all 
data patterns. Table 1 is a listing of the recommended instruction 
sequence. 

Program Counter Test 


This test includes a reset, which Clears the Program Counter, and 
2^^ NOP instructions or any other instruction(s) to verify that the 
counter will increment through all possible addresses. A flow chart 
of this test is illustrated in Figure 12. This test will verify that 
the Program Counter resets and increments. The only operation 
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NOP 


* LOCATIONS B-IS ARE FOR THE * 

* halt-hold-interupt routine * 


El 
DI 

El * 

LXT SP 

CVEPIFIES HIGH impedance DURING HDUO R HALTl 

SPL*?U? SPa01C?2 

SPHapIl 

RST (AT PIM38) 

PCHf!7,rJn TO (SP-n 

PCL((;7) TO (SF-2) SP-2 = H10O» 

El 

HALT 

RST (AT 0000) 

PCHC 00 ) TO (SP-n 

PCU(3A) TO (SP-2) SP-2S00FE 


LXT 

B 

C = 

0? 

Hs 

01 

LXI 

0 

E = 


0 = 

04 

LXI 

H 

Ls 

20 

Hs 

10 

LXI 

SP 


* MAIN INSTRUCTION SEOUFNCE * 

* STARTS AT LOCATION 16 * 


TABLE 1: Recommended Instruction Sequence 


- 33 - 



TABLE 1 Continued 


NOP 


SPLaPE SPsHPIFE 
SPHep;,C? 

LDA (8362Un A 
82 
83 

(P'OPF) TO A AS4PI 
STA A TO (8382) 

82 

83 


TO FFFF 
P0P P$W 
(SP) TO F 
(SP + n TO A 
PUSH PSW 
A TO (SP-1) 
P TO (SP-2) 
PUSH 8 
8 TO (SP~n 
C fo (SP-2) 
PUSH 0 
D TO fSP-1) 
E TO (SP-2) 
PUSH H 
H TO (SP-1) 
1 . TO (SP-2) 


Fs0() 

Aa8P! SP + 2 = O1P0 


SP-2=POFE 


SP-2S00FC 


SP-2 = PIPFA 


SP-2SPI0F8 
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TABLE 1 Continued 


NOP 
P7,P B 

CSP) TO C Cs04 

(SP + n TO B 8b02 

P0P 0 

(SP) TO F. Est0 

(SP+n TO 0 0 = 08 

PMP H 

(SP) TO L L=40 

(SP+n TO H Ha20 

M0V M,A 
A TO (HU 
H0V 

B TO (HU) 

Hev M,C 
C TO (HU 
P0V M,0 
0 TO (HU 


SP+2=00FA 


SP+2S00FC 


SP+2=00FE 


H0V M,E 
E TO (HU) 

K 0 V M , H 
H TO (HU) 

HKV H,U 
L TO (HU) 

XCHG Os20,H=08,E=40,U=10 
M0V M,0 
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TABLE 1 Continued 


NOP 

0 TO (ML) 

MKV M,E 
E TO, (HL) 

Mev H,H 
H TO (HL) 

NOV M,L 
L TO (HL) 
yTHL 

(SP) TO L LaFE 

(SP + n TO H H = O0 
OLO H TO (SP-^n 
OLD L TO (SPJ 
NOV M,H 
H TO (HU 
M (? V M , L 


L TO 

(HU 

- 

PCHU 

PCs (HU) 

PC SPIOFE 

SPHL 

SPsCHU 

SP = OloFE 

OAO SP 

HU=HL+SP 

HLsOlOO 

PUSH H 



H TO 

(sp-n 


1 TO 

(SP-2) 

SP-2 = O0I 

NBV M, 

H 


H TO 

(HL) 



N0V M,L 
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TABLE 1 Continued 


NOP 

U (HL) 

DAD B HLaHL+BC HL st5\FC + Pt2(?14aC14fil^ 
MP.V M,H 
H TO (HL) 

H0V M,L 
L TO (HL) 

PAD D HL=HL+DE HL =0400+2040=2440 
MOV M,H 
H TO (HU) 

MOV M,L 
L TO (HL) 

DAD H HLsHL+HL HL =24 40 +2 4 4 0 s 4P 8 0 
MOV M,H 
H TO (HL) 

MOV M,L 
L TO (HL) 

STAX 8 
A TO (80 
STAX I) , 

A TO (DP) 

LDAX 8 

00 To A FROM (QC) 

MOV , A 
A TO (HL) 


LDAX D 



TABLE 1 Continued 


NOP 

FF T0 A FROM (OE) 

M0V H,A 
A TO (HL) 

INX B BC+1S0205 
INX D DE+1S20A1 
INV H HL. + l=4881 
INX SP SP+lsFP 
PUSH H 

(H) T0 (SP-n 
(L) TO (SP-2) SP-2=FB 
H0V M,B 
B TO (HL) 

HOV H,C 
C T0 (HU 
H.ev H,n 
0 TM (HU 
M0V M,E 
E TM (HU 
MOV M,H 
H TO (HU 
H0V M,L 
U T0 (HU 
OCX B BC-t=0204 
OCX D DE-l=2040 
OCX H HL-l=48a0 
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TABLE 1 Continued 


NOP 

OCX SP SP-lsFA 
PUSH H 
H in (SP-i) 

L TO (SP^Pl SP^?. = F8 
M(?V M,B 
B TO (HL) 

MOV M,C 
C TO (HL) 

H(5V H,n 
0 TO (HL) 

HOV M,E 
E T0 (HU 
H0V M,H 
H T0 (HU 
MOV M,l. 

L TO (HU 

CMA COMPLEMENT A (=00) 

SIC SET CARRY =1 

PUSH PSW 
A TO (SP-1) 

F TO (SP-2) SP-2=F6 
CMC COMP, CARRY (=0) 

IN 

H2 DEVsOF 


90 To A FROM OFOF 



TABLE 1 Continued 


NOP 

PUvSH PSW 

A TO fSP-n 

F TO (SP-?) SP-2=F4 
OAA A TO BCD A=03,SET FO,F4 
PUSH PSiJ 
A TO (SP-n 
F TO (SP*2) SP-2=F2 
OAA A TO BCD Aa69 CLEAR F4 
PUSH PSW 
A TO (SP-n 
F TO (SP-1) SP-2sF0 
SHLO 
H2 
B3 

L TO (B3B25 
H TO (B3I32+1) 

LHUD 

B2 

B3 

00 TO L FR0H B3R2 
FF TO rt FROM B3R2+1 
MOV M,H 
H TO (HU 
MOV M,L 
L TO (HL) 
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TABLE 1 Continued 


NOP 




I NR 

M 



FF 

FROM 

(HU 

+ 1 SOP) 


TO (HU 


OCR 

M 



PI PI 

FROM 

(HU 

-1=FF 

FF 

TO (HU 


NKP 




P!UT 




B? 

OEV 

tl 

> 


69 

TO DF.V AAAA FROM A 

MP!V 

A,M 



t?l 

TO A 

FROM 

(HU 

N0V 

B , M 


- 


TO 8 

FROM 

(HU 


C,M 




T0 C 

FROM 

(HU 

M0V 

D,M 



PIH 

TO 0 

FROM 

(HU 

Mf?V 

E,M 



IR 

TO E 

FROM 

(HU 

MOV 

H,M 



20 

TO H 

FROM 

(HU 

NOV 

L,M 



4 0 

TO L 

FROM 

(HU 

MOV 

M , A 
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TABLE 1 Continued 


N'OP 

A TP* (HL5 
H0V M,B 

0 TR (HL) 
M(?V M,C 

C TW (HL) 
Kiav M,D 

D in (HL) 
HfeJV M,E 

E T0 (HL) 

N V M , H 

H TP) (HL) 
Mt?V M,L 

L TW (HI.) 
MV) A 

B2 0? TPI A 
MV.T 8 

R2 M4 T0 6 
MVT C 

02 08 T0 C 

MV I I) 

R? 10 T0 D 
MVI E 

82 20 T0 £ 

MVI H 

02 40 T0 H 


KOP 
MVI L 

B2 80 T0 L 
M0V M,A 
A T0 (HL) 

M0V M,B 
0 T0 (HL) 

M0V M,C 
C T0 (HL) 

M0V M,0 
0 T0 (HL) 

M0V M,E 
E T0 (HL) 

H0V M,H 
H T0 (HL) 

M0V M,L 
L T0 (HL) 

MVI M 
02 

FF T0 (HL) 

INF A A+1S03 
M 0 V M , A 
A TO (HL) 

INR R B+IS05 
MKV M,8 
B TP) (HL) 
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TABLE 1 Continued 

KOP 

INR C C+l=9 
M0V M,C 
C TP (HL) 

INR D D + 1 = H 

M0V M,0 
D TP (HU 
INH E E+l=2i 
M0V M,E 
£ T0 (HL) 

INR H H+l=41 

H TP (HL) 

INP L L+lsfll 
HPV H,L 
L TP (HU 
OCR A A-l=P2 
M P V M , A 
A TP (HU 
OCR B B-1SP4 
M 0 V M , B 
B TP (HU 
nCR C C-lsPB 
B0V H,C 
C TP (HL) 

OCR n n-t siP . 


NOP 

M0V M,D 
D TP (HL) 
OCR E E- 

I 

H0V M,E 
E TP (HU 
OCR H H- 
M0V 

H TO (HL) 
OCR L L- 
BPV P,l' 

L TP (HL) 
H0V A,B 'A: 
WeV 8,C B! 
PPV C,D Cl 
HPV D,E Di 
PPV E,H E: 
MPV H,U Hi 
BPV L,A Li 
MPV M , A 
A TP (HL) 
MPV M,B 
B TP (HL) 
MPV H,C 
C TP (HL) 
MPV M , 0 


I =2P 

I =4P 

1 =8P 

sp4 
:P8 
s 1 p 
!2P 
:4P 
sBP 
iP4 
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TABLE 1 Continued 


NOP 

D TO (HL) 

HOV M,E 
E TO (HU 
K 0 V K , H 
H TO (HU 
MOV M,L 
I TO (HU 
MOV A,C Aslt! 

MOV 8,0 B = 

MOV C,E C=40 

MOV n,H 0=80 

MOV e,L Es04 

MOV M,A 
A TO (HU 
MOV M,8 
8 TO (HU 
MOV M,C 
C TO (HU 
MOV M,0 
D TO (HU' 

MOV M,E 
E TO (HL) 

MOV H,A Hal0 

MOV L,B L=20 

MOV M,H 


NOP 

H TO (HU 
MOV M,L 
I TO (HU 
MOV A.D A 

MOV B,E B 

MOV C,H C 

MOV D,L 0 

MOV M,A 
A TO (HU 
MOV M,B 
B TO (HL) 
MOV M,C 
C TO (HU 
MOV M,D 
0 TO (HL) 
MOV E , A E 

MOV H , B H 

M 0 V L » C L 

MOV M,E 
E TO (HL) 
MOV M,H 
H TO (HL) 
MOV M,1 
L TO (HL) 
MOV E,M 


s80 
= 04 
= 10 
= 20 


= 80 
= 04 
= 10 
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TABLE 1 Continued 


NOP 



MOV 

ErO 

E = PI8 

MOV 

D,C 

DsIM 

MOV 

C,B 

C*20 

MOV 

B, A 

BsP)4 

MOV 

M, A 



A TO fHL5 
MOV M,B 
B TO (HU 
MOV M,C 
C TO (HU 
MOV M,D 
D TO (HU 
MOV M,E 
E TO (HU 
MOV H,H 
H TO (HU 
MOV M,L 
L TO (HU 

POP PSH SPsf5«F(?i (SEE line 186) 


(SP) TO F 
(SF’ + n TO A 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
ADO R 


F = P!2 
As80 

SP-2sOi?iFei 


SP+2SHOF2 


F=R6 Ab84 


A = A + Bs8P + C14s84 
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TABLE 1 Continued 


K'OP 

PUSH PSW 
A TO (SP-1) 

F TO (SP-2) 
ADO r. AsA + C 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
ADD 0 AaA+n 
PUSH PSW 
A TO (SP-n 
F TO (SP-?) 
ADO F AsA+E 
PUSH PSW 
A TO (SP-U 
F TO (SP-?) 
ADD H AsA+H 
PUSH PSW 

A TO (sp-n 

F TO (SP-2) 
AOD L A=A+L 
PUSH PSW 

A TO (SP-n 
F TO fSP-P) 
ADD M A+{HL) 
(HL) INsPl 


SP-2sP)PEE 
AbAA Fs02 


SP-2=P?FC 
Asp4 Fs86 


SP«2 = «10E A 
AsBC Fs82 


SP-2b(?50E8 
A*BE Fs06 


SP«2sM0E6 
A=FE FbB2 


SP-2a0e.EA 


AsFF F=86 
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TABLE 1 Continued 


KOP 

PUSH PSW 
A TO (SP-n 
F TO tSP-2) SP-2 

ADD A AaA+A AcFE 

PUSH PSW 
A TO (SP-n 
F TO (SP-2) SP-2 
ADC B AaA + B+1 A = P13 
PUSH PSW 
A TO (SP-n 
F TO (SP-25 SP-2 
ACC C AsA+C+l As24 
PUSH PSW 
A TO rSP-1) 

F TO (SP-2) SP-2 

ADC D A=A+0 As34 

P U S H P S W 
A TO (SP-n 

F TO (SP-2) SP-2 

ADC E A=A+E As3C 

PUSH PSW 
A TO (SP-n 

F TO (SP-2) SP-2 

ADC H A*A+H A=3E 

PUSH PSW 


F = 93 

^ 0F 0 
F=17 

OGiDE 

Fsme 

!^(7inc 

FsP'2 

P!WO A 
Fs06 

PI0O8 
F = P12 
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TABLE 1 Continued 


K'OP 

A TO (SP-n 

F TO (SP-2) SP-2=«0D6 

ADC M AsA+(HL) AsP!0 FsfS7 
CHLD INSC2 
PUSH PSW 
A TO (SP-n 

F TO (SP-2) SP-2e!?'0n4 

ADC L A = A + L + 1 As41 FsP)6 


PUSH PSW 
A TO (SP-n 
F TO (SP-2D 
ADC A AsA+A 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
SUB B A=A-H 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
SUB C AsA-C 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
SUB 0 AsA-D 
PUSH PSW 


SP-2 = 0P1O2 
As82 Fs86 


SP-2=0Mn0 
•As7E Fsne 


SP-2s?i«CE 

A35F. Fsl2 


SP-2sPiBCC 
As4E Fc16 


Ab3E 
B = 04 
C = 20 
D = 10 
EsRR 
HrR2 
Ls40 
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TABLE 1 Continued 


NOP 



A TO 

(SP-n 


F TO 

(SP-2) 

SP-2Bf?(?iC A 

SUB E 

A sA**E 

As46 Fb12 

PUSH 

PSW 


A TO 

(SP-n 


F TO 

(SP-2) 

SP-2sO0C8 

SUP H 

A = A-H 

As44 F*16 

PUSH 

PSW 


A TO 

(SP-n 


F TO 

(SP-2J 

SP-2 = PI0C6 

SUP L 

AsA-L 

As?l4 Fs 12 

PUSH 

PSW 


A TO 

(SP-n 


F TO 

(SP-?) 

SP-2S00C4 

SUP A 

A = A-A 

As0O Fs56 

PUSH 

PSW 


A TO 

(SP-n 


F TO 

(SP-?) 

SP-2=00C2 

SUP M 

X 

I 

II 


(HU 

INSFF 

As(7il FsCT3 

PUSH 

PSW 


A TO 

(SP-n 


F TO 

(SP-2) 

SP-2=00C0 


SBB R AsA-B-1 AsFC Fs87 
PUSH PSW 
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TABLE 1 Continued 


MOP 

A TO (SP-n 
F TO (SP-2D 
SBR C A=A-C-1 
PUSH PSW 
A TO tsp-n 
F TO (SP-2) 
SHB 0 A=A-0 

PUSH PSW 
A TO fSP-n 
F TO (SP-2) 
SBB E A=A-E 
PUSH PSW 
. A TO (SP-n 
F TO (SP-2) 
SRB H AsA-H 
PUSH PSW 

A TO (sp-n 

F TO (SP-2) 
SRR U AcA-L 
PUSH PSW 


SP-2a5i«RE 
A = f)B Fa06 


SP-2sP'I?BC 
AsCB F=92 


SP-2S0MBA 
A=C3 Fsp6 


SP-2S0BBB 
AsCl Fs92 


SP-2500B6 

A=81 F596 


A TO (SP-n 

F TO (SP-2) SP-2 = P!PR4 
SBR H A=A-(HL) 

(HL) INS82 AsFF Fs87 
PUSH PSW 
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TABLE 1 Continued 

• 

NOP 

A TO (SP-n 



F TO (SP-?) 

SP-2sPI(i02 


SBR A AsA**A«l 

AsFF Fs87 


PUSH PSW 



A TO (SP-n 
F TO (SP-2) 

SP-2si"0BO 


AOI A=A+(B25 
H2s01 

Aa«0 Fx57 


PUSH PSW 
A TO (SP-t) 



F TO (SP-2) 

SP-2=00AE 

• 

ACI AsA4-(B2) + J 
B2sFF 

As00 FsS7 

PUSH PSW 

A TO (SP-n 



F TO (SP-2) 

SP-2=00AC 


SUI A=A-(B2) 
B2 = C?1 

AxFF Fs87 


PUSH PSW 
A TO (SP-n 
F 70 (SP-2) 

SP-2=O0AA 


SRI A=A-(B2)-1 
B2 = 4(f 

A=BE FsQb 

• 

PUSH PSW 
A TO (SP-n 
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TABLE 1 Continued 


NOP 






F TO 

(SP-2) 


SP-2syi0A8 



OKA R 

A lOR 

8 

A = 8E 

Fs8fi 

AsBE 

PUSH 

PSW 




Bs04 

A TO 

(sp-n 




C = 20 

F TO 

fSP-2) 


SP-2sO0A6 


D= 1 P! 

XKA B 

A XOR 

B 

AsBA 

Fb82 

Es08 

PUSH 

PSW 




H*02 

A TO 

(SP-1) 




Us40 

F TO 

(SP-2) 


SP-22P0A4 



ORA C 

A lOR 

C 

AsBA 

Fsft2 


PUSH 

PSW 





A TO 

(SP-1) 





F TO 

(SP-2) 


SP-2sP0A2 



XHA C 

A XOR 

C 

AsRA 

Fs86 


PUSH 

PSW 





A TO 

(SP-l) 





F TO 

(SP-2) 


SP-2eD)pA0 



OKA 0 

A lOR 

0 

Ae9A 

FcR6 


PUSH 

PSW 





A TO 

(SP-1 ) 





F TO 

(SP-2) 


SP-2SO0RE 



XRA n 

A XOR 

D 

AsBA 

Fs82 


PUSH 1 

PSW 





A TO 

(sp-n 





F TO 

(SP-2) 


SP«2s00qC 
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TABLE 1 Continued 


NOP 





ORA E 

A lOR 

E 

AaS A 

F8B2 

PUSH 

PSW 




A TD 

(SP-n 




F Tn 

(SP-2) 


SP-?3|?IHPA 


XRA E 

A XOR 

E 

As82 

Fs86 

PUSH 

PSW 




A TD 

(5P-n 




F TO 

fSP-2) 


SP-2sPi«P8 


CRA H 

A TOR 

H 

A = 02 

F = B6 

PUSH 

PS'<J 




A TO 

(SP-n 




F TO 

(SP-2) 


SP-2rP»^jQ6 


XRA H 

A XOR 

H 

AsBO. 

FsR2 

PUSH 

PSW 




A TO 

(SP-n 




F TO 

(SP-2) 


SP-23^’>P94 

• 

ORA L 

A lOR 

U 

AsCPI 

FcRB 

PUSH 

PS-) 




A TO 

(SP-n 




F TO 

(SP-?) 


SP-2sPOP2 


XRA L 

A XOR 

1. 

AsB0 

FsR2 

PUSH 

PSW 




A TO 

(SP-1 ) 




F TO 

(SP-2) 


SP-2s‘^1A90 


ORA A 

A lOR 

A 

As80 

Fs82 
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TABLE 1 Continued 


NOP 

PUSH PSW 


SP-2=«08E 
As00 Fs46 

SP-2b(?' 08C 
ORA M A lOR (HL) 

(HU)IN=BE AsBE pe86 

PUSH PSt«l 
A TO (SP-n 

F TO (SP-2) SP-?sPi08A 
yPA M A XOR (HL) 

(HL)IN=78 AaC6 F=86 

PUSH PSW 
A TO (SP-n 


A TO (SP-n 
F TO (SP-2) 
XRA A A XOR A 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 


F TO (SP-2) 


SP-2=OP88 


ana M A=A and (HL) 

(HL) INsFC AsC4 

PUSH PSW 

A TO(SP-n 

F TO(SP-2) SP-2S0086 
ANA A As A AND A AsC4 

PUSH PSW 


A TO (SP-n 


FsP2 


Fs82 
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TABLE 1 Continued 


MOP 

F TO (SP-2) 
4KA B A»A AND 
PUSH PS^ 

A TO (SP-1) 

F TO CSP-2) 
ORI ASA lOR 
82 = 7C 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
AMA C AsA AMO 
PUSH PSW 
A TO (SP-1) 

F TO (SP-2) 
AM Asa AMO 
B2s65 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
ypi AsA XOR 
82 = 5C 
PUSH PSw 
A TO (SP-n 
F TO (SP-2) 
ANA 0 ASA AND 


SP-2sPP'84 
8 AsBA 

SP-2SO082 

(82) 

As7C 

SP-2SO-.O60 
C A32B 

SP.2S0C17E 

(B2) 

As2P 

SP-.2S0B7C 

(82) 

As7C 

SP-2SW07A 
0 AslO 


Fb02 


Fs02 


Fs12 


Fsftp 


FsB2 


Fsl2 
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TABLE 1 Continued 


NOP 




PUSH PSW 




A TO (SP-n 




F TO (SP-2) 

SP-2 = P'if’78 


AsiPI 

r.KP C A-C 

Fs97 


Bs04 

PUSH PSW 



Cs?0 

A TO (SP-n ' 



OclPl 

F to (SP-2) 

Sp-2sPl076 


Es08 

RAR 

As88 

Fc9fi 

Hs02 

PUSH PSW 



Ls4P! 

A TO (SP-n 




F TO (SP-2) 

SP-2sPi(?74 



ANA E A s A AND 

E 

AsKB 

Fs12 

PUSH PSW 




A TO (SP-n 




F TO (SP-2) 

SP-2sPi072 



RAR 


As04 

Fs12 

PUSH PSW 




A TO (SP-n 




F TO (SP-2) 

SP-2sP!P70 



RRC 


As0? 

F = 12 


PUSH PSW 
A TO (SP-1) 

F TO (SP-2) SP-2aPi«6£ 

ANA H Asa AND H Asp!2 Fb02 

PUSH PSW 
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TABLE 1 Continued 


NOP 

A TO (SP-n 
F TO (SP-2) 
RLC 

PUSH PSW 
A TO fSP-n 
F TO (SP-2) 
CMP A A-A 
PUSH PSW 
A TO fSP-1) 
F TO (SP-2) 
CFP 8 A -8 
PUSH PSw 
A TO fSP-n 
F TO (SP-25 
C8P n A-D 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
CMP E A-E 
PUSH PSw 

A T0(sp-n 
F T0(SP-2) 
CMP H A-H 
PUSH PSW 
A-TO (SP-n 


SP.2sO06C 

As(^A 


SP-2 = P>«6A 


SP-23PI068 


SP-2SPP66 


SP-2s0(^6 A 


SP-2=0062 


PB02 


Fs56 


F = bfi 


Ftps 


F = 87 


FM2 
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TABLE 1 Continued 


NOP 

F TO fSP-2) 
CPP M A-(HLD 
(HL) 1N = P!0 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
CMP L A-L 
PUSH PSW 
A TO (SP-1) 

F TO (SP-2) 
PAL 

PUSH PSW 
A TO (SP-1) 

F TO (SP-2) 
ORA L Asa IOR 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
ANA L A=A AND 
PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
CPI A-(B2) 

H2 = FF 
PUSH PSW 


SP-2 = P)P16C1 


SP-2=W05E 


SP-2S005C 

AsPiQ 


SP-2S005A 

L As49 


SP-2B0058 
L A s 4 0 


SP-2a0056 


Fs12 


F = 93 


FsP2 


Fs0? 


Fai;? 


Fs07 
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TABLE 1 Continued 


NOP 

A TO (SP-n 
K TO (SP-2) 
RLC 

PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
RLC 

PUSH PSW 
A TO (SP-n 
F TO (SP-2) 
RRC 


SP-2cOC?54 

AaBPI 

SP-^s(nt^52 

AaOl 

SP-2sP'0SP) 

As80 


PUSH PSW 
A TO (SP-n 

F TO (SP-2) SP-2si^04£ 

RAL AS01 

PUSH PSW 
A TO (SP-n 

F TO (SP-2) SP-?sO04C 
JHP (8SB2) TO PC 
■ B2 
B3 

JC (8382) TO PC (CARRYsl) 
B2 
83 

JNC NO JUMP,CARRY=1 


F=06 


F = 07 


Fs07 


Fs07 
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TABLE 1 Continued 


NOP 

B2 

63 

J2 NO JUMp.ZEROaPl 
82 
B3 

JNZ (B3B2) TO PC 
B2 
83 

JM NO JU«P,SIGN = «» 

B2 

B3 

JP (B3B2) TO PC 
82 
B3 

JPE (H382) TO PC PARITYsl 
B2 


B3 

JPO NO JUMP 
02 
B3 

CALL CB3H21 TO PC 
62 

B3 PC+1 

PCH TO CSP-l) 

PCL TO (SP-2) SP-?=!«0AA 


AbOI 
F e07 

CARRY, parity SET 
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TABLE 1 Continued 


NOP 

RET 

(SP) TO PCL 
(SP + n TO PCH SP>2 = M«4C 
CC CALL,CARRY=t (B38?)T0 PC 
B? 


03 


PC + 1 

PCH 

TO 

(SP-n 

PCU 

TO 

(SP-2) SP-2=P04A 

PC 

WET 

,CARRYsl 

(SP) 


TO PCL 

C.5P+J) 

TO PCH SP+2sO«4C 

CMC 

NO 

CALLiCARWYsI 

02 



B3 



PNC 

NO 

RET,CARRYsl 

cz 

NO 

CALU»ZER0 = C1 

02 



B3 



RZ 

NO 

RET.ZEROeC? 

CNZ 

CALL,ZEWns0 (0382) 

02 



03 


PC+1 

PCH 

TO 

(SP-n 

PCI. 

TO 

(SP-2) SP-asPiCAA 

RNZ 

RET 

, ZEROsP! 
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TABLE 1 Continued 


NOP 

(SP) TO PCL 
(SP + n TO PCH SP + 2sP)04C 
CM NO CALL,SIGN=0 
B? 

83 

RM NO RET, SIGNS0 
CP CALI-»SIGN = 0 (R3«2)T0 PC 
B2 

B3 PC-t-1 
PCH TO (SP-n 
PCL TO (SP-2) SP-2S004A 
PP 

(SP) TO PCL 
(SP+n TO PCH SP + 2sO04C 
CPF. CALL,PARITY = l fB3B2)T0 PC 
B2 

R3 PC+1 
PCH TO (SP-n 
PCL TO (SP-2) SP-2S004A 
RPE RET,PARITY=r 
(SP) TO PCL 
(SP + n TO PCH SP + 23004C 
CPO NO call,parity=i 

B2 

B3 
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TABLE 1 Continued 


NOP 

RPO NO RET.PARITYal 

POP PSW 
(SP) TO F 

(SP+nin A SP + 2r(^P(4E 
PUSH PSW 

A TO (SP-n 

F TO (SP^2) SP-2SP04C 
JMP (B3B2) TO PC 
B2 
B3 ' 

JC NO JUMP , CARRYa? 

B2 

B3 

JNC (83B2) TO PC 

B2 
B3 

JZ (B3B2) TO PC 

B2 
B3 

JNZ NO jump,zero=i 

B2 
B3 

JM CB3B2) TO PC SIGNal 

B2 
' B3 


Aep)3 

F = C2 

(SIGN,ZEROan 
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TABLE 1 Continued 


NOP 

JP NO JUMP 
B2 
B3 

JPE NO JUMP, PARITYsO 
B2 
B3 

JPO CB3BP) TO PC 
B? 

03 

CALL (83B21 TO PC 
BP 

H3 PC+1 

PCH TO (SP-n 
PCL TO (SP-2) SP-2sP)P4A 
WET 

(SPl TO PCL 

(SP+n TO PCH SP + 2SJ5P4C 


cc 

NO CALL 

,CARRY=0 

B2 

B3 


\ 

RC 

NO RET 


CNC 

(B3B2) 

TO PC , CARRYaH 

B2 

B3 


PC+1 


PCH TO (SP-n 





TABLE 1 Continued 


NOP 


• 

PCL 

TO (SP-2) SP-2S0P14A 

RNC 

RETi CARRYsPI 


(SP) 

TO PCL 


(SP+15 TO PCH SP + 2sP>5!4C 


C2 

CALL.ZEROsl 


B2 

(03B2)TO PC 


B3 

PC + 1 


PCH 

TO CSP-1) 


PCL 

TO (SP-2) SP-2sP04A 


RZ 

RET 


fSP) 

TO PCL 


(SP + n TO PCH SP + 2 = C'04C 


CNZ 

NO CALL*Z.EROe) 

• 

B2 



B3 



RN2 

NO RETURN 


CH 

CALL,SIGNsl (B3R2) TO PC 


B2 

> 


B3 

PC+l 


PCH 

TO (sp-n 


PCL 

TO (SP-2) SP-2=P04A 


RM 

RETURN 


fSP) 

TO PCL 


(SP+n TO PCH SP + 25P04C 


CP 

NO call,sign=i 

• 
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TABLE! Continued 


NOP 

02 

03 

RP NO RET 

CPE NO CALL,PARITY = (^ 

02 

03 

RPE NO RET 

CPO CALL, PARITY = P1 (8302) TO PC 
02 

03 PC+1 

PCH TO (SP-1) 

PCL TO (SP-2) SP-2sO(?AA 
RFO RETl.iRN 
(SP) TO PCL 
(SP + n TO PCH SP + 2 s(i?)- 1 C 
RST AT WMfiO PC + 1 
PCH TO (SP-1) 

PCL TO (SP-2) SP-2=0eAA 
RET 

(SP) TO PCL 

(SP+1) TO PCH SP + PsPiPAC 
RST AT 0008 PC+1 
PCH TO (SP-1) 

PCL TO (SP-2) SP-2=00AA 
RET 
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TABLE 1 Continued 






NOP 

(SP) TO PCL 
(SP+n TO PCH SP + 2cC>)(14C 
RST AT PC+l 

PCH TO (SP-n 
PCL TO (SP-2J SP-2eOI?)/lA 
RET 

(SP) TO PCL 
(SP + l) TO PCH SP + 2 = P!04C 
RST AT 0018 PC+l 
PCH TO (SP-1) 

PCL TO (SP-2) SP-2=004A 
RET 

(SP) TO PCL 
(SP+n TO PCH SP + 2S004C 
RST AT 0020 PC+l 
PCH TO (SP-1) 

PCL TO (SP-2) SP-2S004A 
RET 

(SP) TO PCL 
(SP+l) TO PCH SP+2C004C 
RST AT 0020 PC+l 
PCH TO (SP-l) 

PCL TO (SP-2) SP-2=004A 
RET 

(SP) TO PCL 
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TABLE 1 Continued 


NOP 

(SP+n TO PCH SP + 2 = ch04C 
HST AT 0030 PC+1 
PCH TO rSP-1) 

PCL TO (SP-?) SP-2SO04A 
RET 

(SP) TO PCL 
(SP+n TO PCH SP + 2 = 0B4C 
RST at 0038 PC+l 
PCH TO (SP-1) 

PCL TO (SP-2) SP-2S004A 
PET 

(SP) TO PCL 
(SP + n TO PCH SP + 2 = 004C 
NOP 


- 69 - 






not checked is the Register Transfer to the Program Counter. This 
operation is verified during the Register Array Test. 

Register Array Test 

The test on the Register Array is accomplished by two tests. One 
verifies that each register is independent of any other register, and 
two, that any register can be moved from one register to another with 
any data combination. The test to determine uniqueness of each register 
is to first load each register (B, C, D, E, H, and L) with unique data 
and read to verify the load operation. The test is performed using 
the instruction shown in Table 2. An explanation of the instruction 
mnemonics appears in Table 3. 

The next test on the Register Array will verify that the registers 

can move from one register to another and move any data combination. 

This test will also check register-to-Program Counter transfers. This 

recommended test loads the H and L registers directly with a pattern 

of O's, transfers the H register contents to all other registers, and 

outputs from the H and L registers through the Program Counter. The 

pattern is incremented until all 256 numerical combinations have been 

checked. A flow chart of this test is illustrated in Figure 13. The 

instructions that should be used for this test are LXIH, PCHL, and 

MOV , „ . 

rl ,r2 

Stack Pointer Test 

The Stack Pointer test is just like the Program Counter test, both 
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Instruction 


Register 


Value 


1. 

MV I 

A 

2. 

MVI 

B 

3. 

MV I 

C 

4. 

MVI 

D 

5. 

MVI 

E 

6. 

MVI 

H 

7. 

MVI 

L 

8. 

LXI 

SP 

9. 

MOV 

M.A 

10. 

MOV 

M,B 

11. 

MOV 

M,C 

12. 

MOV 

M,D 

13. 

MOV 

M,E 

14. 

MOV 

M,H 

15. 

MOV 

M,L 


8 


( 000 ), 
( 001 ), 
(002) 
(004)g 
(OlO)g 

(020)g 


(040) 


8 


(125)g(252) 


L 

0 

a 

d 

R 

0 

u 

t 

i 

n 

e 



T 

e 

s 

t 

R 

0 

u 

t 

i 

n 

e 


TABLE 2: Register Array Test 
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MK«m«Aic Otufiption 


C >7 0« O 5 O 4 0) O 2 0| Oq Cvctat 


- Mntmonic Dturiptian 


lAftfuaiei) Clorbi^l 

&7 Of 0^ D 4 Oj 0} 0| Og Cvctti 


MOV.,.,} 

Wo»l rcgnter 10 rig«tltr 

0 

1 

0 

0 

0 

$ 

s 

s 

s 

RZ 

Return on irro 

1 


0 

0 

t 

0 

0 

0 

S/It 

MOVM.f 

Mp¥t tigi(tcr to memory 

0 

1. 


1 

0 

s 

s 

s 

1 

RNZ 


1 


0 

Q 

0 

0 

c 

0 

s/ll 

MOVr.M 

Movt mtmory to i«g>tUr 

0 

1 

0 

D 

0 


1 

0 

1 

RP 

Return on pontivr 

1 


1 

1 

0 

0 

0 

0 

s/ll 

HIT 

K«ff 

0 

! 

1, 

t 

0 


1 

0 

t 

RM 

Return on minus 

t 


t 

1 

1 

0 

0 

0 

S/ii 

MVI( 

Mo«t rtgittcr 

0 

0 

0 

0 

0 


\ 

0 

7 

RPE 

Return on parity even 

t 


1 

Q 

1 

0 

0 

0 

s/ll 

MVI M 

Movt immrdittt mimory 

0 

0 

1 

1 

0 


t 

0 

to 

RPO 

Return on parity odd 

1 


1 

0 

'0 

0 

0 

0 

s/ll 

INAr 

Iftcrtmrni rrgiitr/ 

0 

0 

0 

0 

0 


0 

0 

s 

RS7 

Raitarl 

f 


A 

A 

A 


J 

J 

n 

OCRr 

Otcrcrncni rrgntrr 

0 

0 

0 

0 

0 


0 


s 

IN 

input 

1 


0 

\ 


0 


t 

10 

INfl M 

Incrimtnl memory 

0 

0 



0 


0 

0 

to 

OUT 

Output 

1 


0 

1 

0 

0 


I 

10 

OCR M 

Dtcrimcni memory 

0 

0 



0 


0 


10 

iXl B 

load immediate register 

0 

0 

0 

0 

0 

0 

0 

t 

10 

AOOr 

Add rtgisier to A 


0 

0 

0 

0 

s 

s 

s 

4 


Pair 6 B C 










AOCf 

Add reguter to A with cirry 

1 

0 

Q 

0 


s 

s 

s 

4 

LXI 0 

Load immediate register 

0 

0 

0 

1 

0 

0 

0 

1 

to 

suer 

Subtract reguter from A 

1 

0 

0 


0 

s 

s 

s 

4 


Pair 0 & E 










SBBr 

Subttetl register trom A 


0 

0 



s 

s 

s 

4 

IXI H 

Load immediate register 

0 

.0 

1 

Q 

0 

0 

0 

1 

to 


with borrow 











Pair K & L' 










ANAr 

And regnter with A 


0 


0 

0 

S 

s 

‘ s 

4 

LXI SP 

Load immediate stack pointer 

0 

Q 

1 

1 

0 

0 

0 

t 

10 

XRAr 

Eicluiivf Or register with A 

1 

0 


0 


s 

s 

s 

4 

PUSH B 

Push register Pan B & C on 

1 


0 

0 

0 


0 

1 

n 

ORAr 

Or register with A 


0 



0 

$ 

s 

s 

4 


nack 










CMRr 

Compin register with A 

» 

Q 




s 

s 

$ 

4 

PUSH D 

Push register Pair 0 & E on 

1 


0 

1 

0 


0 

1 

11 

AOOM 

Add memory to A 

1 

0 

0 

0 

0 


% 

0 

7 


stack 










AOCM 

Add memory to A with tarry 


0 

0 

0 



t 

0 

7 

PUSH H 

Push register Pair K & 1 on 

1 


1 

0 

0 


0 

I 

n 

SUBM 

Subtract memory trom A 


0 

0 


0 


t 

0 

7 


stack 










SBBM 

Subtract memory Irom A 


0 

0 




1 

0 

7 

PUSH PSW 

Push A arsd Flags 

1 


1 


0 


0 

1 

n 


with borrow 











on stack 










ANAM 

And memory with A 


0 


0 

0 


1 

0 

7 

POP 6 

Pop register pan B B C oH 

I 


0 

0 

0 

0 

0 

1 

10 

XRAM 

(■elusive Or memory with A 


0 


0 



\ 

0 

7 


ItKk 










ORAM 

Or memory with A 


0 



0 


1 

0 

7 

POPO 

Pop register pair 0 B E oH 

1 


0 


0 

0 

0 

! 

10 

CMRM 

Compare memory with A 


0 





I 

0 

7 


Slack 










AOI 

Add immediate to A 



0 

0 

0 


} 

0 

7 

POPH 

Pop register pan H B L of> 

1 



0 

0 

0 

p 

1 

10 

ACt 

Add immediate to A with 


f 

0 

0 



1 

a 

7 


stack 











carry 










POP PSW 

Pop A and Flags 

1 




0 

0 

0 

1 

10 

SUI 

Subtract immidiatt from A 



0 


0 


1 

0 

7 


oil stack 










SSI 

Subtract immediate Irom A ' 


1 

0 




1 

0 

7 

STA 

Store A direct 

0 

0 



0 

0 


0 

13 


with borrow 










LOA 

Load A dnici 

0 

0 




0 


0 

n 

AM 

And immediate with A 




0 

0 


1 

0 

7 

XCHG 

Eichange 0 B E. H B 1 

t 



0 


0 


1 

4 

XRI 

Eidusiyt Or immediate with 




0 



1 

0 

7 


Registers 











A 










XTHL 

Eichange top of stack. H B 1 

1 



0 

0 

0 


1 

18 

ORI 

Or immediate with A 





0 


1 

0 

7 

SPHl 

H B L to stack pointer 

1 





0 

0 

1 

s 

CPI 

Compare immediate with A 







t 

0 

7 

PCHL 

H B L to program couniei 

t 



0 


0 

0 

1 

s 

RLC 

Rotate A left 

0 

0 

0 

0 

0 


1 


4 

OAOB 

AddBBCtoHB L 

0 

0 

0 

0 


0 

0 

1 

10 

ARC 

Rotate A right 

0 

0 

0 

0 



1 


4 

DADD 

Add OB E to H B 1 

0 

0 

0 



0 

0 

1 

10 

RAl 

Rotate A left through carry 

0 

0 

0 


0 


1 


4 

OAO H 

Add K B 1 to H B L 

0 

0 


0 


0 

0 

I 

10 

RAR 

Rotate A right through 

0 

0 

0 




1 


4 

OAOSP 

Add stack pointer to H B 1 

0 

0 




0 

0 

1 

10 


urry 










STAX 8 

Store A lAdncci 

0 

0 

0 

0 

0 

0 


0 

7 

JMP 

Jump unconditional 



0 

0 

0 

0 

! 


10 

STAX 0 

Store A indirect 

0 

0 

0 


0 

0 


0 

) 

K 

Jump on carry 



0 



0 

1 

0 

10 

LOAXB 

load A indirect 

0 

0 

0 

0 


0 


0 

7 

JNC 

Jump on no carry 



0 


0 

0 

1 

0 

to 

LDAX D 

load A indirect 

0 

0 

0 



0 


0 

7 

JZ 

Jump on lero 



0 

0 


0 

! 

0 

10 

tNX B 

Increment BBC registers 

0 

0 

0 

0 

0 

0 


I 

s 

JNZ 

Jump on no tiro 



0 

0 

0 

0 

1 

0 

10 

iNX 0 

Increment 0 B E registers 

0 

0 

0 


0 

0 


1 

s 

JP 

Jump on positive 





0 

0 

1 

0 

to 

INX K 

Incrtmcni H B L registers 

0 

0 


0 

0 

0 


I 

s 

JM 

Jump on minus 






0 

1 

0 

to. 

tNXSP 

Increment stack pointer 

0 

0 



0 

0 


I 

s 

JPC 

Jump on parity even 




0 


0 

? 

0 

to 

OCXS 

Deciemini BBC 

0 

0 

0 

0 


0 


1 

s 

JPO 

Jump on parity odd 




0 

0 

0 

f 

0 

to 

DCXO 

Decrement QBE 

0 

0 

0 



0 


! 

s 

CALI 

Call unconditional 

1 


0 

0 


1 

0 


17 

OCX H 

Decrement H B 1 

0 

0 


0 


0 


! 

s 

CC 

Call on carry 



0 

» 

1 


0 

0 

11/17 

OCXSP 

Drcrtmtnl stack pointer 

0 

0 




0 


\ 

s 

CNC 

Call on no carry 

1 


0 

1 

0 

1 

0 

0 

11/17 

CMA 

Complement A 

0 

0 


0 


t 


1 

4 

CZ 

Call on lero 

1 


0 

0 



0 

0 

11/17 

SIC 

Sei carry 

0 

0 



0 

I 


1 

4 

CNZ 

Call on no lero 



0 

0 

0 

I 

0 

0 

11/17 

CMC 

Complement carry 

0 

0 




1 


1 

4 

CP 

Cad on positive 




1 

0 

1 

0 

0 

if/i; 

OAA 

Decimal adiust A 

0 

0 


0 

0 



I 

4 

CM 

Call on minus 

1 


1 

1 

1 

! 

0 

0 

11/17 

SHID 

Store K B 1 direct 

0 

0 


0 

0 

0 


0 

is 

CPE 

Can on parity even 



1 

0 

1 

1 

0 

0 

11/17 

LHLO 

load H B L direct 

0 

0 


0 


0 


0 

IS 

CPO 

Call on parity odd 

1 


1 

0 

0 


0 

0 

11/17 

El 

Ersabit Interrupts 

1 





0 


I 

4 

RET 

Return 

1 


0 

0 

1 

0 

0 


10 

01 

Diwblf interrupt 


1 



0 

0 


1 

4 

RC 

Return on cany 



0 

1 

1 

0 

0 

0 

s/ll 

NOP 

No- operation 

0 

0 

0 

0 

0 

0 

0 

0 

4 

RNC 

Return ors no tarry 



0 

.1 

0 

0 

0 

0 

s /11 












NOTES: 

1. ODD Of SSS - 000 B 


001 c - 

0100 


on 

E - 

too H - 101 L - no Memory - 111 A. 











7 . T^o potiible cycle tim«i, (5/1 1 1 tndicaie instruction eyelet dependent on condition flags. 


TABLE 3: 


8080 Instruction Mnemonics 
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FIGURE 13: Register Array Test 





































are 16-bit registers with the additional feature of incrementing and 
decrementing. Therefore, the test on the Stack Pointer should check 
for incrementing and decrementing, and the ability to load and trans- 
fer to another register. Figure 14 is a flow chart of a recommended 
test and Table 4 lists the instructions used during the test. 

Accumulator Test 


The accumulator in the 8080 is 8-bits wide. A recommended test on 
the accumulator is to verify, load, readback, rotate, and transfer 
operation through its entire range. The recommended instructions (see 
Table 1) to be used during this test are MOVy^ 1^, MOV^^ CMA, RCL , RRC, 
RAL, and RAR. A flow chart of the recommended test is shown in Figure 
15. 

Arithmetic Logic Unit Test 

The Arithmetic Logic Unit (ALU) is 8-bits wide and used to perform 
all arithmetic and logical data operations in the 8080. The ALU has 
been left, until last because error analysis is simplified once all other 
modules have been verified. A recommended test for the ALU is to test 
all ALU data paths and related instructions through its range. All 
instructions are used during this test which operation on the ALU, such 
as ADD, ADC, SUB, SBB, etc. A flow chart of this recommended test is 
shown in Figure 16. 


- 75 - 




FIGURE 14: Stack Pointer Test 
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MNEMONICS 

CYCLES 

CLOCKS 

CODE (DATA WORD) 
7 6 5 4 3 2 1 0 

OPERATION 

LXIH 

3 

10 

0 0 1 

0 0 0 0 1 


<B^> 











<Bj> -(H) 

SPHL 

1 

5 

1 1 1 

110 0 1 

(H) (L) ^(SP) 

INXSP 

1 

5 

0 0 1 

10 0 11 

(SP) + 1 (SP) 

DADSP 

3 

10 

0 0 1 

1.1 0 0 1 

1 

(H) (L) + (SP)^(H) (L) 

PCHL 

1 

5 

1 1 1 

0 10 0 1 

(H) (D— (PC) 

DCXSP 

1 

5 

0 0 1 

1 1 0 1 T 

(SP) - 1 -(SP) 

PUSHPSW 

3 

11 

1 1 1 

10 10 1 

(A)— [SP-1],(F) -[SP-2] 


TABLE 4: Stack Pointer Test Instructions 
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FIGURE 16: Arithmetic Logic Unit Test 
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B. 8008 


The test program for the 8008 is divided into the major sections 
listed below. , 

1. Accumulator 

2. Register Array 

3. Arithmetic Logic Unit (ALU) 

4. Address Stack 

5. Input/Output Instruction 

6. Halt and Interrupt 

Accumulator 

The accumulator of the 8008 is part of the scratch pad register 
array with an address of 000^. This register is a working register for 
the arithmetic and logical instructions. Inti ally, a verification test 
would be implemented in a series of MOV instructions to load and store 
data to verify the basic functionality. Data patterns should consist 
of all I's, all O's, CHECKERBOARD, inverted CHECKERBOARD, 1^, 2y, 4^, 
10^, 20g, 40g, and lOOg. 

Register Array 

The scratch pad register array test is designed to verify that each 
register can increment and decrement throughout its entire range, that each 
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register can be transferred to all other registers of the array, and 
that the H and Z registers can properly provide a correct address for 

the M0V_ ,, and MOV,, „ instructions. 

R,M M,R 

I 

Initially the device is reset and all registers of the array 
loaded to a different value with the MOV^^ instruction, except regis- 
ter R which is set to 0. Register R1 is now incremented from 0 to 
255 to 0, to verify the wrap-around characteristic. After each incre- 
ment, the contents of the register is examined using the MOVj^ ^ 
instruction. 

At the completion of this process, the contents of all remaining 
registers are stored and verified. Register R1 is now decremented 
from 0 to 255 to 0, verifying the underflow characteristic. After each 
decrement, the register contents are stored and verified using the 
MOVj^ instruction. At the completion-of this process, the contents 
of all other registers are read and verified. 

The increment/decrement test is now performed on all remaining 
registers of the array. 

Transfer Operations 

In order to accomplish transfer operations and preserve the unique 
identification of all other registers, the previously verified instruc- 
tions of MOVj^ 1 ^, VMIr, MOVj^ INRr, and DECr will be used. Initially 
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all registers are cleared. Register R1 will be tested first. 

Register R1 is incremented and transferred to R2. R1 is again incre- 
mented and transferred to R3. This process is repeated until all 
registers have received data from R1 . The accumulator is the last 
register to receive data. All register contents are now stored and 
verified starting the the accumulator. After repeating this process 
42 times, the sequence is repeated, only this time register R2 is used 
as the origin of all data to be transferred. All remaining registers, 
except the accumulator, are verified in the same manner. 

Since the accumulator cannot increment, the test for verification 
of transfer is accomplished in a slightly different manner. Again, 
all registers are set to 0. Register B is then incremented and trans- 
ferred to the accumulator, which is in turn transferred to register C. 
Register B is again incremented and transferred to the accumulator, 
which is now transferred to register D. This process is repeated until 
all registers have received data from the accumulator. All register 
contents are now stored and verified. This process is repeated 51 
times. During this test procedure the transfer of the accumulator con- 
tents to register B is not possible, since register B is being used to 
generate the test pattern internal to the device. Therefore, it is 
necessary to repeat this test using register C to generate the internal 
test pattern, transferring its contents to the accumulator and then 
transferring the accumulator to register B, incrementing register B, 
and then storing all registers. The purpose of incrementing register 
B is to preserve the unique addressing of that register for transfer 
verification. 
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Arithmetic Logic Unit (ALU ) 


The previously verified instructions are now utilized to test the 
add, subtract, logical, and shift instructions. Results of the add 
and subtract instructions effect all condition flip-flops, while the 
rotate and shift instructions effect only the carry bit. The logical 
instructions do not effect the condition flip-flops. 

The condition flip-flops cannot be gated to the data or address 
bus for purposes of verification. Therefore, it will be necessary to 
use the conditional jump instructions, JC, JZ, JM, JPE, JNC, JNZ, JP, 
and JPO. 

After each arithmetic operation it is necessary to execute all six 
conditional jump instructions to test for proper operation of the con- 
dition flip-flops. 

The data chosen should generate the criteria to set and reset all 
condition flip-flops resulting in patterns that will verify that the 
ALU can recognize a 0, negative number, even parity, and a carry, or 
borrow . 

The data patterns required for proper verification of the ALU 
should be designed such that execution of the arithmetic or logical 
instruction being tested generates the following results: 
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Arithmetic Instruction 


1 . Positive Number 

2. Negative Number 

3. Even Parity 

4. Non -Even Parity 

5. Carry (Borrow) 

6. No Carry (Borrow) 

7. Zero Value 

8. Non-zero Value 

Logical Instructions 


1. 

Post 

ti ve 

Number 

2. 

Negati ve 

Number 

3. 

Zero 

Value 

4. 

Non- 

zero 

Val ue 

5. 

Even 

Pari 

ity 

6. 

Non- 

Even 

Parity 


Rotate Instructions 

1 . Carry 

2. No Carry 

3. Shift a 1 Through Carry 

4. Shift a 0 Through Carry 

5. Shift a 1 Through a Field of O's 

6. Shift a 0 Through a Field of O's 


- 84 - 



Address Stack 


Testing of the address stack is designed to verify that all levels 
of the stack are operative in response to the CALL and RETURN instruc- 
tions. The device test program simulates repeated subroutine CALL’S 
and RETURN'S nesting up to the seven allowable levels. The program 
should be structured so that the carry feature from the lower order 8- 
bits of the address to the higher order 6-bits is verified. In addi- 
tion, all conditional CALL and conditional RETURN instructions are 
verified. The jump instruction should also be included in this test 
as an easy means of manipulating the contents of the Program Counter 
in generating the return addresses to be stored in the address stack. 

Input/Output Instructions 

Verification of the input/output instructions consist of executing 
a series of eight input instructions each followed by an output instruc- 
tion. During this sequence, the code for the selected input and output 
port is different so that all combinations are tested. The actual data 
used to write into the accumulator is not of critical importance. 

Halt and Interrupt 

The Halt instruction and Interrupt feature of the 8008 can be tested 
together. The Interrupt is verfied first. The critical parameter of 
the Interrupt is that the interrupt signal to the 8008 cannot be allowed 
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to occur within 200 ns of the falling edge of 01. 

The test program should verify that the 8008 will properly respond 
to an external interrupt which occurs within the allowable timeframe 
as indicated below. In addition, the Interrupt signal to the 8008 
should be applied during all time states of instruction execution. 

After this test, the Halt instruction is executed and the ability 
of the 8008 to respond to an external interrupt is verified over the 
same time span by executing a series of Halt instructions followed by 
Interrupts. 


01 

02 




o 

o 

CSJ 


— INT— + 
Allowed 









(_ INT Not J 
Allowed 
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The 2901 4-bit bipolar microprocessor slice is not like other 
microprocessors being only the process portion of the typical micro- 
processor. Like the typical microprocessor, the 2901 has a data bus, 
but is not bidirectional. It also provides a register file (16 Word 
X 4-bits), an Accumulator (4-bits), and an Arithmetic Logic Unit (ALU) 

The 2901 does not include an instruction decoder, rather all 
instructions directly control an operation from an code input. In a 
typical MPU the instruction code applied on the data bus 
into the decoder for the complete cycle. The 2901 complete cycle 
lasts only one clock cycle and if the instruction lines change during 
the cycle a new operation will occur. Also, the 2901 is not capable 
of addressing external memory directly, because it does not include 
an address or program counter. A typical MPU can execute jumps, 
subroutines, and return from subroutines due to the existence of a 
stack pointer which the 2901 does not contain. 

The architecture of the 2901 can easily be broken up into testable 
modules that can be controlled and tested by the device pins and its 
microinstructions (see Figure 2). 

The 2901 can be broken up into the following modules: 

1. RAM (16 addressable registers) controlled by the "A" address field 

2. RAM (16 addressable registers) controlled by the "B" address field 
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3. "Q" Register or Accumulator 

4. ALU Source Selector 

5. Eight Function ALU • 

6. Output Data Selector 

7. RAM Shift 

8. "Q" Shift 

Examination of the microinstruction control shows that the 2901 
has a 9-bit microinstruction. This microinstruction is divided into 
three groups: ALU source control, ALU function control, and destin- 

ation control. The ALU source control controls from what data path 
the data will be applied into the ALU (Table 5). The ALU function 
controls what function the ALU will perform. For example, R field + 

S field, R field or S field, etc., (Table 6). The destination control 
routes the output of the ALU (or RAM) to different destinations within 
the 2901. These destinations include the RAM register stack, the "Q" 
register accumulator, both the RAM and "Q" register or the RAM directly 
out of the device (Table 7). The microinstruction controls thus route 
and/or manipulate data through the device, 

RAM Addressable Register Test 

The RAM Address Register should be divided up into four unique 
portions structured to test (1) the RAM using the "A" address stored 
through the output by passing the ALU, (2) the RAM using the "A" 
address outputted through the ALU, (3) the RAM using the "B" address 
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MICRO CODE 

ALU SOURCE 
OPERANDS 

■2 

■1 

'0 

Octal - 
Code 

R 

S 

L 

L 

L 

0 

A 

Q 

L 

L 

H 

1 

A 

B 

L 

H 

L 

2 

0 

Q 

L 

H 

H 

3 

0 

B 

H 

L 

L 

4 

0 

A 

H 

L 

H 

5 

D 

A 

H 

H 

L 

6 

D 

Q 

H 

H 

H 

7 

D 

0 


TABLE 5: ALU Source 
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MICRO 

CODE 


ALU . 

Symbol 

>5 

■4 

'3 

Octal 

Code 

Function 

L 

L 

L 

0 

R Plus S 

R + S 

L 

L 

H 

1 

1 

S Minus R 

S - R 

L 

H 

L 

2 

R Minus S 

R - S 

L 

H 

H 

3 

R OR S 

R V S 

H 

L 

L 

4 

R AND S 

R A S 

H 

L 

H 

5 

R AND S 

R A S 

H 

H 

L 

6 

R EX-OR S 

R 

H 

H 

H 

6 

R EX-NOR S 

R-A-S 


TABLE 6: 


ALU Function Control 
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X=Don't care. Electrically, the shift pin is a TTL input internally 
connected to a three-state output which is in the high- impedance 
state. 

B=Register Address by B inputs. 

Up is toward MSB. 

Down is toward LSB. 

TABLE 7: ALU Destination Control 
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outputted through the ALU, and (4) the right/left shift operation of 
the RAM. 

To test the RAM using the "A" address outputted bypassing the ALU, 
the following is recommended. The object of the test is to run a 
GALPAT pattern on the RAM using all combinations from 0 to 15 for the 
test pattern and the compliment of this as the background pattern. 
Since the RAM can only be written into a location addressed by the "B" 
address, care has to be taken to address only the test location when 
writing into the RAM. When a location is being tested or read, the 
"B" address should be different then the "A" address. The easiest 
solution to this would be to compliment the "B" address relative to 
the "A" address when reading a test cell . The setup to run this test 
would be to set the ALU source operand. to octal code 7 (D,0) when 
writing into the RAN and octal code 4 (0,A) when reading out a loc- 
ation. The ALU function is used during this test to route the data 
on the data input pin to the RAM. This should be programmed for a 
recommended function, octal code 3 (R OR S), as this will be used in a 
later test. The destination control should be programmed for octal 
code 2 which selects the RAM "A" data port to the output, bypassing 
the ALU. The clock pins should be held in a high state. Throughout 
this test the only pins that will be sampled will be the "Y" ouput 
pins. Once this test setup has been executed a GALPAT pattern should 
be performed using all test patterns of 0 to 15 and background patterns 
of 15 to 0. What the GALPAT does is to write a background pattern then 
write a test pattern. The test pattern is then read, a background 
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pattern location read,, then the test location again, then another back- 
ground location, test location, etc., until all background locations 
have been read. Then the test pattern is moved and the process repeated 
until all locations have been used as a test pattern. The test pat- 
tern is then incremented and the background pattern decremented. This 
process is then continued until all pattern combinations have been 
tested (see Figure 17 for illustration). 

Performing this test will verify that all data combinations can be 
written into and read out of with every data combination. 

The second test on the RAM is to check the RAM addressed *by the "A" 
address field but checking the data output path through the ALU. The 
same test should be run as previously described with only one change 
in the microinstruction. This change would be to modify the destination 
control to an octal code 3. This modifies the output path from the 
RAM "A" address output to the ALU output. This would then check if the 
RAM "A" address path through the ALU is functional with all data sequences 

The next test on the RAM would be similar to the second test, but 
the "B" address and output path is checked. The changes to the second 
test would be to have addressing to the RAM entirely controlled by the 
"B" address field. During this test it is recommended that the "A" 
address field be the compliment of the "B" address. This would cause 
the worst interaction between the RAM addressing. The remaining dif- 
ference would be to modify the ALU source operand to select octal code 


- 93 - 




FIGURE 19: GALPAT Read Example 


- 94 - 






















3 when performing a read of the RAM. This will select a source of 
0,B, thus enabling the "B" output of the RAM to pass through the RAM. 

The final test to be run on the RAM is veri fi cation ' of the right/ 
left shift operation. The recommended test will only describe a shift 
operation from the left as to test the right shift all that would be 
required is to input data from the right input and test the left out- 
put. The object of this test is to verify that all data combinations 
from 0 to 15 can be shifted through the RAM. Also, since latches are 
noted to be sensitive to noise, and the 4-bit output of the RAM uses 
a latch, the test will also recommend how to check for this. The 
recommended test sequence is as follows: 

The test should start out by loading a 0 into location 0, and a 15 
into location 15 of the RAM. The purpose of this is that one location 
will be used to shift data input and the other location will be used 
as a background test pattern. The microinstruction for the ALU source 
operation when writing the initial patterns should be an octal 7 which 
selects the data bus. All other times during the test an octal code 4 
should be selected which selects "A" output latch for input to the ALU. 
(Note: An octal code of 3 should be selected when checking the "B" 

output latch.) The ALU function should be selected for an octal code 3 
(R OR S) so that the output latch can be tested throughout the test. The 
advantage of using the R OR S function is that the ouput of the ALU 
will be the same as the output latch. The microinstruction for the 
destination control should be selected to octal code 4 which will execute 
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a left shift. (Octal codes 5, 6, and 7 should also be tested using 
this same test. When selecting codes 6 and 7, the input and output 
shift pins should be complimented when codes 4 and 5 are selected.) 

The "A" and "B" address fields should be exactly the same throughout 
this test. This allows an easy modification to the ALU source 
operand to check the "B" output latch as described earlier. Last of 
all, the final setup should be to produce a clock pulse each time 
there is a requirement to write to the RAM, but not during a test 
cycle when the background location is being addressed. 

The test on the right/left shift will verify that (1) the shift 
operation will occur, (2) this shift operation can shift all combin- 
ations of I's and O's, (3) the output latches will hold data, and (4) 
the shift operation can be accomplished using any RAM address. Fol- 
lowing the initial loading of the test and background patterns one 
bit of the shift pattern (101000111100101) is shifted into the RAM 
and the shift and Y outputs checked. Then the background address is 
addressed but no clock is produced and the outputs again checked. 

This will verify that the output latch will hold data. The next bit 
is now shifted in and verified and the background location addressed 
and data verified. This process continues until all bits have been 
shifted into the RAM. Then the testword and background address are 
incremented and decremented, respectively, and the above test repeated. 
This will continue until all RAM locations have been used for the test 
location and background location. Upon completion of the first pass, 
the background pattern is decremented until the initial pattern has 
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gone from 15 to 0. This will check for a sensitivity in the RAM out- 
put latches. This test is then repeated for both right and left 
shift operations on the RAM. 

The next test performed is on the "Q" register. There should be 
two tests on the "Q" register. First, a test that will load the 
register with all combinations from 0 to 15 and follow each load with 
the compliment of the previous load. Second, a test to check the 
right/left shift operation on the register. 

The first test should start by loading a "0" into the register and 
testing. Next a "15" should be loaded and tested, then 1 , 14, 2, 13, 
..., until a 0 and 15 are agafn reloaded. This test verifies that any 
number can be loaded into register and that all data tranactions are 
checked. 

The second test checks the right/left shift of the "Q" register 
(ALU Destination Control, octal codes 4 and 6). To check these oper- 
ations an initial value should be loaded into the register and checked. 
Destinatipn control octal code 4 is selected and a pattern 

(1010000111100101) is shifted into the register. After each bit shift 

/ 

the register data is checked. Then an octal code is selected on the 
destination control and the other shift operation checked as previously 
described. 

The next test will test the ALU source operands. This test verifies 
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that all ALU sources can be selected and that all data combinations 
can pass through the selector. The test should start by first loading 
RAM locations 0, 5, 10, and 15 with data equal to the address. The 
"Q" register is intially loaded with a 0. Using the ALU function "R 
OR S" (octal code 3), and a destination control which loads neither 
the RAM nor the "Q" register. (octal code 1), the sequence of ALU 
source operands shown in Table 8 should be tested. During this test 
the "A" and "B" address will equal the data being selected by the 
source operand. 

The ALU functions and flags should be tested next, since all other 
sections of the devices have now been verified as operational. First, 
all locations in the RAM are loaded with a data pattern equal to its 
address. Then data values of 0, 5, 10, and 15 and RAM values of 0, 

5, 10, and 15 and CN values of 0 and 1 in all combinations are used to 
test each of the eight possible ALU functions. In all cases, R is the 
data bus and S is the "A" output from the RAM (ALU source operand, octal 
code 5). First, the R & S function (octal code 0) is tested. The basic 
sequence is as shown in Table 9. 

This sequence is then repeated for each of the other ALU functions. 


Function 
S - R 
R - S 
R OR S 


Octal Code 
1 
2 
3 


- 98 - 



R 


A = 1010 
A = 0101 
A = 1010 

A = 0000 

A = 0000 

A = 0000 
A = 1010 
A = 0101 
A = 1010 
A = 0000 
A = 0000 
A = 0000 

0 

0 

0 

0 

0 

D = 1010 
D = 0101 
D = 0101 
D = 0000 
D = 0000 
D = 0000 

D = nil 

D = 0000 
D = 0000 


s 


Q =0000 
Q = 0000 
Q = 0000 

Q = 1010 

Q = 0101 

Q = 1010 
B = 0000 
B = 0000 
B = 0000 
B = 1010 
B = 0101 
B = 1010 

Q = nil 
B = 0000 

B = nil 

A = 0000 
A = nil 
A = 0000 
A = 0000 
A = 0000 
A = 1010 
A = 0101 
A = 1010 

Q = 0000 
Q = 0000 

Q = nil 


(Load Q with 1010) 
(Load Q with 0101 ) 
(Load Q with 1010) 


(Load Q with 1111) 


(Load Q with 0000) 
(Load Q with 1111) 


TABLE 8: ALU Source Operands 
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CN 

R = A 

S = 1 

0 

0000 

0000 

1 

0000 

0000 

0 

nil 

0000 

1 

nil 

0000 

0 

0101 

0000 

1 

0101 

0000 

0 

1010 

0000 

1 

1010 

0000 

0 

0000 

nil 

1 

0000 

nil 

0 

nil 

nil 

1 

nil 

nil 

0 

0101 

nil 

1 

0101 

nil 

0 

1010 

nil 

1 

1010 

nil 

0 

0000 

0101 

1 

0000 

1010 

0 

nil 

0101 

1 

nil 

0101 

0 

0101 

0101 

1 

0101 

0101 

0 

1010 

0101 

1 

1010 

0101 

0 

0000 

1010 

1 

0000 

1010 

0 

nil 

1010 

1 

nil 

1010 

0 

0101 

1010 

1 

0101 

1010 

0 

1010 

1010 

1 

1010 

1010 


TABLE 9: ALU Function Sequence 
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Function 


Octal Code 


R AND S 4 
R AND S 5 
R XOR S 6 
R SNOR S 7 


The last test on the device is to check to see if the output enable/ 
disable will cause the output to go to tristate. This is accomplished 
by inputting a 0, 5, 10, and 15 into the Data bus and outputting it 
through the ALU (R OR S function) to the Y output. After each data pat- 
tern is on the Data bus the "Y" output is checked wtih the output enable 
Then the outputs are disabled and the outputs checked for tristate. 
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D. 6800 


The 6800 microprocessor unit is divided into the basic modules as 
listed below: ' 

1. Program Counter 

2 . Stack Pointer 

3. Index Registers 

4. Accumulators A and B 

5. Arithmetic Logic Unit 

6. Timing and Control Logic 

7. Interrupt Capability 

For thorough testing of the 6800, the functional test sequence 
should thoroughly exercise each module independent of all other modules 
with the specific instructions applicabje to that module. In addition, 
sufficient data patterns are used to verify proper operation of each 
module. An interactive type test is also performed to ensure that 
execution of an instruction on one module will not cause destruction 
of data in a different module or an otherwise malfunction of the device. 

In determination of the instruction sequence, the possible discovery 
of instruction and/or data pattern sensitivities was not considered. 

Program Counter 

The Program Counter (PC) test consists of resetting the PC to 0 


- 102 - 



and then incrementing the PC through its entire range. Results of 
this test may be verified after each increment or after the PC has 

reached full value. Benefits of this test are proof that the device 

( 

is basically operational, there are no stuck-at-one stuck-at-zero 
defects in the PC and the address bus drivers are capable of driving 
a logic 0 or logic 1 in any combination of bits present on the 
address bus. 

Operation of the device during this test is as follows: 

1. Reset the device. 

2. Verify the reset address vectors of FFFE,c and FFFF, ,. 

Id 16 

3. Input an instruction that will cause the PC .to increment by 1. 

4. Continue operation of this instruction until the PC equals FFFF^g 

5. Execute the instruction one more time to verify the overflow char 
acteristic of the program counter.” 

Stack Pointer 


Operational Modes: 

1 . Load 

2. Store 

3. Increment 

4. Decrement 

5. Transfer +1 to Index Register 
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6. Receiver -1 from Index Register 

7. Output Data on Address Bus for: 

a. Push, Pull Data 

b. Store Device Status in Stack 

c. Pull Device Status from Stack 

Stack pointer contents are available on the data bus and also the 
address bus during instruction execution. Accordingly the test approach 
is defined to verify both conditions of output. The method of defining 
the test approach follows that of all modules, i.e., start with instruc- 
tion sequences designed to verify basic module operation, increasing 
the complexity of instructions for total testing of the particular 
module. The transfer of SP contents to the index register and transfer 
of index register contents to the stack pointer require verification 
of the index register's functionality, and will therefore be defined in 
the index register section of this description. 

Load/Store, Data Bus 

To initiate testing of the stack pointer, a load instruction is 
executed followed by a store instruction to output the SP contents on 
the data bus. 

Stack Pointer Instructions 

IDS Immediate, Direct, Index, Extended 


- 104 - 



STS 

INS 

DES 

TXS 

TSX 


Direct, Index, Extended 

-Implied 

Implied 

Implied 

Implied 


Several data patterns should be chosen such that all bits of the 
stack pointer have been loaded to both a logic 1 and 0. In addition, 
all different operational codes of the load stack pointer/store stack 
pointer instruction are executed at this time. This instruction se- 
quence is defined as illustrated in Table 10. 

Benefits of this test are that the stack pointer is identified as 
an addressable register, is capable of being loaded to several values, 
each bit of the stack pointer is capable of being a logic 1 or logic 0 
and that each bit of the data bus is capable of driving a logic 1 or 
logic 0. 


Increment/Decrement 

Execution of this test requires initial loading of the SP to 0000.|g, 

the incrementing the SP from 0000,, to FFFF,^ using the increment stack 

Id Id 

pointer instruction. 

For detailed error analysis, the contents of the SP should be out- 
putted to the data bus after each increment. This method may prove 


- 105 - 



I 


INSTRUCTION 

ADDRESS MODE 

DATA PAHERN 

Load Stack Pointer 

Immediate 

0000 

Store Stack Pointer 

Di rect 

- 

Load Stack Pointer 

Direct 


Store Stack Pointer 

Index 

- ■ 

Load Stack Pointer 

Index 

AAAA^g 

Store Stack Pointer 

Extended 

- 

Load Stack Pointer 

Extended 

5555 ^g 

Store Stack Pointer 

Extended 

- 


TABLE 10: Stack Pointer Load Routine 






not feasible due to test system capability and in that case the 
increment stack pointer instruction would be repeated 16,384 times, 
and the SP contents then read. The increment stack pointer instruc- 
tion is then executed one more time and the SP contents outputted to 
verify the overflow characteristic. 

The Decrement Test is similar to the previous test with the 
exception of initially loading the stack pointer to.FFFF-jg, using the 
decrement stack pointer instruction and executing the decrement instruc- 
tion on additional time after the SP is equal to 0 to verify the under- 
flow characteristic. 

In either of the above tests, the choice of which stack pointer 
store instruction to use is arbitrary and left to the discretion of 
the test engineer. 

Address Bus Output (Push/Pull) 

The Push and Pull instructions of the 6800 will cause the contents 
of the stack pointer to appear on the address bus and also increment 
or decrement the contents of this register. 

Verification of this mode is performed by resetting the 6800 (get- 
ting a starting address of 0000^^ to the PC) and execution of repeated 
PUL instructions. During instruction execution, the address is read 
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during all four to verify that the following information is present: 

Cycle 1 : 

Program Counter 

Cycle 2: 

Program Counter +1 

Cycle 3: 

Stack Pointer 

Cycle 4: 

Stack Pointer +1 

The PUL instruction is 

repeatedly executed until both PC and SP 

are equal to FFFF, 


The PSH instruction is 

now executed in a similar manner, again 

verifying the address bus 

during all four clock cycles as follows: 

Cycle 1 : 

Program Counter 

Cycle 2: 

Program Counter +1 

Cycle 3: 

Stack Pointer 

Cycle 4: 

Stack Pointer +1 

This sequence is repeated until the SP is equal to 0. 

Index Register (X) 


Operational modes: 


1. Local 

Load Immediate, Direct, Index, Extended 

2. Store 

Store Direct, Index, Extended 

3. Increment 

Increment 

4. Decrement 

Decrement 
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INSTRUCTION 

ADDRESS MODE 

DATA PAHERN 

Load Index Register 

Immediate 

0000^ g 

Store Index Register 

Direct 

- 

Load Index Register 

Direct 


Store Index Register 

Index 

- 

Load Index Register 

Index 

MAA,6 

Store Index Register 

Extended 

- 

Load Index Register 

Extended 

5555^5 

Store Index Register 

Extended 



TABLE 11; Index Register Load Routine 
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5. Transfer to Stack Pointer TXS 

6. Receive from Stack Pointer TSX 

The Index Register is identical in size (16-bits X 1) and similar 
in operation to the Stack Pointer. Therefore, the test plan defined 
for this module closely parallels that of the Stack Pointer. 

Load/Store 

The Index Register is loaded with several data patterns, storing 
the register contents after each load to verify proper load operation. 
All different OP codes of the load and store instruction should be 
used to verify proper operation. The instruction sequence is defined 
as illustrated in Table 11. 

Increment 

Execution of this test requires initial loading of the Index 
Register to 0000^^, repeating execution of the increment Index Register 
(INX) instruction to increment the X register from OOOO^g to FFFF-jg. 

As in the Stack Pointer test, the contents of the X register should 
be stored in the data bus after every increment. If not feasible, the 
increment instruction should be repeated continuously and the X register 
contents outputted when equal to FFFFyg. The increment instruction 
should then be executed one more time and the contents of the Index 
Register stored to verify the overflow characteristic. 
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Decrement 


The Decrement test is similar to the previous test with the excep- 
tion of initially loading the Index Register to FFFF^g, using the 
decrement Index Register instruction. When the X register is equal to 

0000-c, the decrement instruction should be executed one more time and 
Id 

the register contents stored to verify the underflow characteristic. 

Stack Pointer and Index Register Transfers 

Transfers of the Stack Pointer and Index Register are limited to 
transferring the Stack Pointer contents +1 to the Index Register or 
the Index Register contents -1 to the Stack Pointer. The two instruc- 
tions which define those operations are TSX and TXS respectively. 

The test sequence to verify this sequence takes advantage of the 
functionality of these registers proven by previous tests. 

Both registers are initially loaded to 0. An instruction sequence 

which increments the SP executes a TSX instruction and stores the 

Index Register contents is repeatedly executed until the Index Register 

is equal to FFFF,,. 

lb 

This procedure is now repeated in a reverse fashion by executing a 
decrement Index Register, TXS, instruction followed by a read of the 
Stack Pointer. This instruction sequence is repeated until the Stack 
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Pointer is equal to 0. 


Accumulators A and B 

I 

Accumulators A and B are two general purpose 8-bit registers used 
to store operands and results for ALU operations. The instruction set 
for each accumulator is similar with one or two exceptions. At this 
point, the definition of the different modules of the 6800 are open to 
different philosophies as to where one module ends and another module 
begins. For example, controversy may arise as to whether a logical OR 
instruction is an accumulator instruction or an ALU instruction. 

j 

This situation illustrates the problem of two different modules 
being involved in the execution of an instruction. The operation of 
the logical OR instruction of the contents of the Accumulator A (ACCA) 
with a byte of memory involves the input of a byte of memory, input of 
ACCA and the byte of memory to the ALU, execution of the logical OR 
between the two and transferring this results back to ACCA. Here two 
different modules are involved in the instruction execution and the 
question is to which module group the instruction belongs. For the 
purposes of clarity, this type of instruction will be attributed to 
the ALU module. In a more general sense, where more than one module 
is involved in the execution of an instruction, the instruction will 
be classified as belonging to the module which performs the basic 
operation intended by the instruction. 
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Accumulator A and B, Load/Store 

As in the Stack Pointer and Index Register test, the initial phase 
of the accumulator test consists of executing a load and store accumu- 
lator routine, using all applicable operation codes in conjunction with 
numerous data patterns. The specific instruction sequence is defined 
as illustrated in Table 12. Note that the contents of the accumulator 
not involved in a series of instructions is stored on data bus to ver- 
ify no interaction of the two accumulators. 

Increment/Decrement 

Accumulator A is loaded to all O's and the increment Accumulator A 
instruction is executed followed by a store Accumulator A instruction. 
This process is continued until ACCA is equal to The decrement 

Accumulator A instruction is now executed followed by a store ACCA 
instruction. This instruction sequence is repeated until ACCA is equal 
to 0. 

The above process is repeated on Accumulator B substituting the 
appropriate Accumulator B instructions. 

Transfer ACCA to ACCB, ACCB to ACCA 

This test is designed to verify the internal transfer of accumulator 
to accumulator by using previously verified instructions. 
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INSTRUCTION 

DATA PATTERN 

INSTRUCTION 

DATA P AHERN 

Load A 


Load A 


Store A 

Store A 

Load B 


Load B 


Store B 

Store B 

Load A 

5^6 

Load A 


Store A 

Store A 

Load B 


Load B 

!?16 

Store B 

Store B 

Load A 

'«.6 

Load A 

88,6 

Store A 

Store A 

Load B 

“ l 6 

Load B 


Store B 

Store B 

Load A 

??16 

Load A 

88,6 

Store A 

Store A 

Load B 


Load B 

FDi 6 

Store B 

Store B 

Load A 

»' l 6 

Load A 

88,6 

Store A 

Store A 

Load B 


Load B 

_ 88,6 

Store B 

Store B 

Load A 


Load A 

•"^16 

Store A 

Store A 

Load B 


Load B 

87,6 

Store B 

Store B 

Load A 

?! i 6 

Load A 


Store A 

Store A 

Load B 


Load B 


Store B 

Store B 

Load A 


Load A 

88,6 

Store A 

Store A 

Load B 


Load B 

88,6 

Store B 

Store B 

Load A 


Load A 

88,6 

Store A 

Store A 

Load B 

’^6 

Load B 

88,6 

Store B 

Store B 

Load A 

2?16 

Load A 

^•"le 

Store A 

Store A 


Load B 

2016 

Load B 

^''le 

Store B 

Store B 



TABLE 12: Accumulator Load Routine . 
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Both accumulators are initially loaded to all O's. An increment 
ACCA is executed followed by a transfer ACCA to ACCB, clear ACCA and 
then store both accumulators. Now, an increment ACCB is executed, 
followed by a transfer ACCB to ACCA, clear ACCB and store both accumu- 
lators. This sequence is repeated until ACCA is equal to X'FF. 

Shift/Rotate Capability 

The Accumulator registers of the 6800 are equipped with five modes 
of shift and/or rotate instructions. To properly verify the operation 
of these instructions, each is executed with several data patterns 
designed to represent worst case. Also, included in the execution of 
the shift and rotate instructions is verification of the Condition Code 
register, in particular the Carry Bit (C). 

The test routine for the shift and rotate instructions initializes 
the MPU to a 0 state and then executes all five instructions on each 
accumulator. The recommended data patterns for each instruction is: 

FF16 

AAi6 

55i6 

0^16 

0016 

Each instruction is executed a total of eight times in order to 
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shift or rotate the data pattern through the entire accumulator. 

The contents of the accumulator being tested should be stored after 
each execution of the shift or rotate instruction. Also the contents 
of the Condition Code register should be stored after each eight exe- 
cutions of the instruction being used. 

Arithmetic Logic Unit (ALU ) 

The function of the ALU is to perform addition, subtraction, and 
logical operations (OR, AND, Exclusive OR, I's complement and 2's 
complement). Arithmetic comparisons can also be performed to set or 
reset bits of the Condition Codes register (CCR) which are testable 
for use in condition branch instructions. 

Proper verification of the ALU includes execution and verification 
of all associated instructions in conjunction with worst case data pat- 
terns to verify that the ALU can add, subtract, recognize a carry, half 
carry, positive number, negative number and 2's complement overflow. 

As the CCR is an intergral portion of the ALU, its contents should be 
verified after execution of each instruction. 

As in previous situations, the actual order of the instruction and 
data sequence should be structured such that, when possible, only instruc- 
tions that have been previously verified are used for verification of 
unused instructions. The actual data patterns must be chosen such that 
the desired results will be generated. 
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Timing and Control Logic 


Timing and control logic verification includes testing proper 
generation of the Valid Memory Address (VMA), Bus A available (BA), and 
Read/Write control signals (R/W). The control signals BA, VMA, and 
R/W are generated according to the decode of each instruction vnth 30 
different possible combinations. Therefore, each instruction must be 
verified as producing the proper response of these signals. 

Interrupt Capability 

The 6800 microprocessor unit has been designed to offer two priority 
levels of hardware interrupt capability, the Trq (maskable) and NMI 
(non-maskable) interrupts, NMI having priority of IRQ. 

Upon detection of an interrupt, the 6800 will enter the interrupt 
state at the end of the instruction being executed or after the com- 
pletion of next instruction, depending upon what clock cycle of the 
present instruction execution the interrupt has occurred. 

The "I" bit of the Condition Codes register has been designated as 
the mask bit for the IRQ interrupt. If an IRQ occurs and the "I" bit 
is set, the interrupt is ignored. If not, the interrupt state is 
entered. 

The objectives of this test can now be stated as verification of 
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the following conditions. 


1. Proper 6800 response to an IRQ interrupt by testing the data bus 
for storage of internal register contents, address bus for Stack 
Pointer address generation during the above storage and the address 
bus for generation of the IRQ address interrupt vector. 

2. The "I" bit is set as a results of an IRQ interrupt. 

3. That the 6800 will not respond to an IRQ interrupt when the "I" 
bit of the OCR is set. 

4. Proper response to an NMI interrupt when the "I" bit is set and 
reset. 

5. Priority of the NMI interrupt over IRQ by causing both signals to 
indicate interrupts simultaneously. 

A third mode of interrupt is under software control by means of the 
SWI (Software Interrupt Instruction). Execution of this instruction 
is not hardware related and will therefore be executed whenever it 
occurs in the user program. This instruction is verified by testing 
the data and address bus for proper storage of internal 6800 register 
contents and the generation of the SWI address interrupt vector. 

Execution of the WAI (Wait for Interrupt Instruction) stores all 
internal register in the stack and then places the 6800 in an inactive 
wait state. The device will remain in this state until either an IRQ 
or NMI interrupt occurs. This instruction is verified by first observ- 
ing the data and address bus during internal register content storage 
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and second that an IRQ and NMI interrupt will be a11ov;ed to respond as 
previously described for these signals. 


The IRQ and NMI signals are asynchronous and as such should be 
tested for interrupt generating capability by causing the interrupts 
to occur within several timeframes. First each interrupt should occur 
such that the recognition routine starts after completion of the pre- 
sent instruction being executed at the time of interrupt and second, 
after completion of the next instruction at the time of interrupt. 

Instruction Decode Test 

The Instruction Decode test verifies proper execution of all jump, 
branch, and subroutine instructions. 

The major aspect of the jump instruction is to test for proper ad- 
dress generation in response to the two addressing modes of this in- 
struction. 

Testing of the branch instructions requires execution of each 
instruction and testing that (1) the branch address is generated, if 
the branch condition is true, and (2) that the branch does not occur, 
if the associated condition is false. 

Subroutine instructions tests are required to verify that (1) the 
Stack Pointer address occurs on the address bus simultaneously with the 
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return address on the data bus, (2) the correct subroutine address is 
generated, and (3) that the return from subroutine generates the Stack 
Pointer address on the address bus for the purpose of pulling the 

I 

return address from stack. 
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E. 1802 


The 1802 microprocessor unit is a static 8-bit device employing 
CMOS technology. The device provides the following internal archit- 
ecture (see Figure 11). 

1. 16-bit by 16-bit Register Array 

2. 8-bit Arithmetic Logic Unit (ALU) 

3. 8-bit Accumulator (D) 

4. Two 4-bit Instruction Registers (I and N) 

5. A 4-bit Register P used to specify which of the 16-bit Registers 
in (1) is the present program counter. 

6. A 4-bit Auxiliary Register (X) 

7. An 8-bit Temporary Register (T) 

8. A 1-bit Register (Q) 

Examination of the instruction set of the 1802 reveals that the 
major data path to and from the internal register array is through the 
D register. Therefore, this module of the 1802 is of extreme impor- 
tance and the test program will exercise this module fully as an initial 
starting point. Next, the uniqueness and functionality of the 16-bit by 
16-bit register array will be proven. Arithmetic and Logical instruc- 
tions will be tested next followed by the Branch and Skip instructions. 

A unique feature of the 1802 is a built-in DMA feature which uses 
an internal register as a counter for the number of bytes transferred 
to or from memory. This feature is evaluated for both the Df^ in and 
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DMA out modes of operation. The Interrupt feature is verified for 
proper operation and also tested for its masking capability. 

D Register 

The importance of the D register is its function -of being the path 
by which to load or store contents of the scratch pad register array 
via the data bus and as a working register of the arithmetic logic unit. 
The initial phase of the test on this register is to ensure the ability 
to load worst case data patterns in the D register and also store the 
same. 

Execution of this test consists of a series of load instructions 
to walk a 1 through a field of O's and a 0 through a field of I's, 
each load instruction being followed by a store to verify the load 
operation. 

Register Array 

The purpose of the register array is to provide a program counter, 
16-bit vectored interrupt address storage, DMA address counter, and 
general purpose scratch pad registers. The initial test on this module 
consists of a series of instructions to verify that each register can 
be loaded to worst case data patterns and that each register can be 
accessed for the retrival of this information. All input and storage 
of data patterns to the register array will take place through the D 
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register. An important point is that at all times one of the 16 
registers is being utilized as a program counter, as determined by 
the value in the 4-bit P register. Upon initial start-up and reset of 
the 1802, the P register is reset to 0, making R(0) the current pro- 
gram counter. Therefore registers R(l) through R(15) are tested first 
and then the SET P instruction must be executed to change the register 
being used as the program counter. Register R(0) is then tested in 
the same manner as the others. Due to the use of R(0) as a program 
counter during this exercise, R(0) should be stored through the D 
register at the completion of this test to check that it has been in- 
crementing during the execution of the test. Then a test sequence 
which loads and stores worst case data patterns can be executed. 

The actual test sequence of loading and storing data patterns in the 
register array should use different data such that the uniqueness of 
each register is proven. 

The next portion of the Register Array test will verify operation 
of the increment and decrement instructions, INC and DEC. 

The procedure is to verify that each of the 16 registers of the 
register array can increment and decrement throughout the entire range 
of 0 to 2^^ -1. Also to be verified is the over and underflow charac- 
teristics of each register. Registers R(l) through R(15) are to be 
tested first with R(0) acting as the program counter. Then R(0) is 
tested with R(l) as the program counter. The test procedure is as 
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fol 1 ows : 


1 . Reset device. 

2. Load registers R(2) through R(15), each with a distinct data pat- 
tern. 

3. Load register R(1) with 0 and using the increment N instruction, 

cause this register to increment from 0 to 2 -1. Then execute 

the increment instruction an additional time to cause R(l) to 
overflow to 0. Each increment instruction should be followed by 
PUT low register N and PUT high register N instructions to verify 
the increment. 

4. At the completion of step 3, all other registers should be stored 
on the data bus to verify that no destructive interaction has 
occurred. 

5. The decrement register N instruction is now executed to cause 
register R(l) to decrement from 0 to 2^^ -1, and then to 0. Again, 
each decrement instruction is followed by a PUT low register N and 
PUT high register N instruction to verify each decrement. 

6. Registers R(2) through R(15) are now read onto the data bus to 
verify no destructive interaction. 

7. This process is repeated until registers R(l) through R(15) have 
been tested. 

8. A SET P instruction is executed to change the current program counter 
from R(0) to R(1 ) . 

9. Register R(0) is stored on the data bus and its present contents 
veri fied. 
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10. R(0) is loaded to 0 and the same procedure is followed for veri- 


fication as described above. 


X Register 


The purpose of the X register is to hold a four bit code used to 
designate one of the 16 registers of the register array for use in 
certain load and store instructions. Upon initial reset of the MPU, 
this register is reset to 0 and then may be loaded to another value 
by the SET X instruction. Proper verification of the operation of 
this register is to reset the MPU, and execute a load via X or store 
via X instruction. The value which will appear on the address bus 
will be the contents of register R(0) which is also the current con- 
tents of the program counter as a reset will clear the P register to 
0 . 


At this point the SET X instruction is executed to designate R(l) 
and the load via X or store via X instruction executed. This process 
is repeated until all registers have been designated by the X. register. 
It is important to note that all registers should be loaded to dif- 
ferent values in order to prove that the R(X) register is actually 
present on the address bus. 

P Register 

The P register is used to hold a four bit code used to designate 
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which of the 16 registers of the register array is the current program 
counter. The verification of the register operation is performed in a 
similar manner to that of the X register. 

The device is reset, which shouTd clear the P register and register 
R(0) to 0. 

The initial portion of this program after reset should load the 
register array such that each register contains a different value. By 
doing this, each register can be uniquely identified as it is gated to 
the address bus. After verification of R(0) as the program counter 
the SET P instruction should be executed to change the current program 
counter from R(0) to R(l) and the address bus monitored. All remaining 
values of the P register are verified in the same manner. 

Q Register 

The Q register is a 1-bit register which can be set or reset under 
program control. The Q register bit is also cleared after an initial 
clear is performed. Also, the status of this bit can be tested by 
several of the branch instructions. However, this portion of the Q 
register test will not utilize the branch instruction as a part of the 
test. 

The 1802 is initially cleared and the Q bit tested for the logic 0 
state. The SET Q instruction is executed and then reset, the state of 
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the Q bit being tested after each operation. This procedure can be 
repeated several times to ensure proper operation. 

Arithmetic Logic Unit 


The test of the arithmetic logic unit is divided into two sections, 
the logical operations and the arithmetic operations. Also all ad- 
dressing modes included in this portion of the instruction test are 
verified together with the operation of the DF flag. 

Logical Instruction Test 

The purpose of this test is to verify that all logical instructions 
are operational and that worst case data patterns have no effect on 
functionality of the device. 

For the instructions of OR, Exclusive OR, and AND, worst case data 
patterns are defined as those patterns that cause each bit in the result 
to be either set or reset according to the instruction being tested. 
Examples are illustrated in Figures 18, 19, and 20. 

Initially the OR instruction is executed with the data patterns 
specified. The D register is loaded, the OR instruction executed and 
the D register stored on the data bus to verify the results. This test 
is executed twice. The first time the OR instruction is used and the 
second time the OR IMMEDIATE instruction is used. 



Pattern 1 


10 10 10 10 


Pattern 2 


Pattern 3 


Pattern 4 


Pattern 5 


Byte 1 

Byte 2 01010101 

Result 11111111 


Byte 1 01010101 

Byte 2 10101010 

Result 11111111 


Byte 1 
Byte 2 
Result 


11111111 

00000000 

11111111 


Byte 1 00000000 

Byte 2 11111111 

Result 11111111 


Byte 1 
Byte 2 
Result 


0000000 0 , 
00000000 
00000000 


FIGURE 18: 1802— OR Data Pattern 
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Pattern 1 


Pattern 2 


Pattern 3 


Pattern 4 


Pattern 5 


Pattern 6 


Pattern 7 



Pattern 8 


Pattern 9 


Pattern 10 


FIGURE 19: 
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1 


1 802--Excl usive OR Data Pattern 
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Pattern 1 


Pattern 2 


Pattern 3 


Pattern 4 


Pattern 5 


Pattern 6 


Byte 1 
Byte 2 
Result 


11111111 

11111111 

11111111 


Byte 1 
Byte 2 
Result 


11111111 
0 0 .0 0 0 0 0 0 
11111111 


Byte 1 
Byte 2 
Result 


10 10 10 10 
0 10 10 10 1 
11111111 


Byte 1 
Byte 2 
Result 


0 10 10 10 1 
10 10 10 10 
11111111 


Byte 1 
Byte 2 
Result 


0000000 0 . 
11111111 
11111111 


Byte 1 
Byte 2 
Result 


00000000 

00000000 

00000000 


FIGURE: 20: 


1802— AND Data Pattern 



The Exclusive OR, EXCLUSIVE or IMMEDIATE, AND and AND IMMEDIATE 
instructions are executed in the same manner. 

The four shift instructions are verified using the same philosophy 
for worst case data patterns as for the OR and AND instructions. One 
of the functions of the DF bit will be used and therefore requires 
veri fi cation. 

The procedure for verification consists of loading the D register 
with a test pattern, executing the particular shift instruction eight 
times, storing the contents of the D register after each instruction 
execution . 

Verification of the proper operation of the DF bit can only be made 
by designing a test program such that the DF bit is left to an expected 
known state. This state is then used as a starting point for the next 
data pattern. For example, if the completion of a shift instruction 
has put the DF bit to a logic 1, the next shift instruction to be exe- 
cuted would be one that shifted the DF bit to either the least or most 
significant bit of the D register. 

For the shift instructions, the following data patterns can be used 
as initial values: 

Shift Right: ^^16’ ^^16’ ^^16’ ^^16’ ^^16 

Shift Right with Carry: ^^16’ ^^16’ ^^16’ ^^16’ ^^16’ ^^16 
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Shift Left: 


Shift Left with Carry: 


^^ 16 ’ ^^ 16 ’ ®^ 16 ’ ^^16 

^^ 16 ’ ^^ 16 ’ ^^ 16 ’ ^^ 16 ’ *^*^16 


Arithmetic Operations 

The object of this portion of the test program on the ALU is to 
verify that the ALU can add, subtract, with and without a carry or 
borrow, respecti vely, detect an overflow or underflow condition via 
the DF bit, and that the register and immediate addressing modes are 
functional . 


Suggested data patterns for the 
fol 1 ows : 


arithmetic instructions are as 


Add, Add Immediate: 

FF,- to FF,^, 55,^ to 55 , AA,^ 

Id Id Id ]g Id 

M,6> 0H|'j to F0 to 

to 

Add with Carry, 

0D)5 to CC,j, FFjg to FFjg, F0j^ 

to 

Add with Carry Immediate 

^16 


Subtract, 

FF,^ from FF,_, 55,^ from AA,_, 
Id Id Id Id 

“l6 

Subtract Immediate 

from 55,^ 
lo 


Subtract with Borrow, 

ffl6 '’'le-’ ®''l6 f"" ®''l6* 

®16 

Subtract with Borrow Immediate 

from 99^ g, 60^ ^ from 70^ ^ 
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Subtract Memory, FF^g from FF^g, 55^g from AA^g, AA^gfrom 

Subtract Memory Immediate 55,^ 

I 0 

Subtract Memory with Borrow, FF,. from 01,., 0F,. from 0F,^, 

ID lb lb 16 

Subtract Memory with Borrow Immediate 80,. from 99 , 60 from 70 

16 16 16 16 

Two methods exist for verifying proper operation of the DF bit 
during execution of these instructions. The first is to follow each 
add or subtract instruction by an add with carry or subtract with 
borrow. This second add or subtract instruction will verify the proper 
DF bit operation if the results are what is expected as a result of the 
instruction execution. ' 

The second is to execute a shift right with carry or shift left 

with carry to put the value of DF into the MSB or LSB of the D register 

respectively. The contents of the D register are now read and the MSB 
or LSB verified to reflect the expected state of the DF bit. This 
is the preferred method for several reasons. First, if a failure 
occurs using the first method, the cause of the failure could be that 
the ALU did not detect the original overflow or could not execute the 
add or subtract with carry. As the shift instructions have previously 
been verified, this mode of verification pinpoints the cause of failure. 

Branch and Skip Instructions (Long & Short ) 

The branch and skip instructions are verified by causing the con- 
dition tested by the particular instruction to occur and then executing 
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the associated branch or skip instruction. The address bus is tested 
for generation of the expected branch address. Alternately, the oppo- 
site condition is verified by executing the necessary branch or skip 
instruction when the branch condition does not exist and verifying 
that the branch or skip does not execute. The conditions tested for 
in the branch and skip are the following: 

Short Branch if: D = 0 

D 0 
DF = 1 
• DF = 0 
Q = 1 

Q = 0 
EFl. = 1 
EFl = 0 
EF2 = 1^ 

EF2 = 0 
EF3 = 1 
EF3 = 0 
EF4 = 1 
EF4 = 0 
Always, Never 

The short branch and long branch are similar with the exception 
that the long branch provides an absolute branch address, while the 
short branch provides an address which is 0 to +255 locations from the 
address containing the short branch instruction. The conditions tested 
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for the long branch instruction is limited to the states of the D 
register, DF bit, and Q bit. Specifically these are: 

Long Branch if: D = 0 ' 

D f 
DF = 1 
DF i 1 
Q = 1 . 

Q M 

Always, Never 

The skip instructions are similar to the branch instructions 
except no branch address is required. The conditions tested are as 
fol 1 ows : 


Short Skip: 

Never . 

Long Skip: 

Always 

Long Skip if: 

D = 0 


D 0 


DF = 1 


DF = 0 


Q = 1 


Q = 0 


IE = 1 
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Interrupt 


The response of the 1802 to an asychronous Interrupt is tested by 

causing the Interrupt input to become active and verifying that the 

following states occur: 

1. The instruction in process at the time of interrupt is completed. 

2. The next machine cycle is a normal fetch except the address gated 
to the address bus is from register R(l). 

3. The X register has been set to 2^^. 

4. The state codes indicate Interrupt recognition. 

5. The IE enable bit has been reset by causing the Interrupt input to 
indicate additional Interrupts and verifying that they are ignored. 

6. The values of registers X and P have been saved in the T register. 
(This can be accomplished by execution of a MARK isntruction) . 

7. The Interrupt mode of operation is asynchronous by repeating the 
test in every clock cycle of instruction execution. 


DMA-In-Out 


The DMA-In-Out features are tested in a manner similar to that of 
the Interrupt with all expected activities verified. 


DMA In 


1. DMA- IN is caused to become active. 
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2. At the completion of the present instruction, verify the state 
codes indicate DMA-In , register R(0) is gated to the address bus 
and MWR is active. 

3. Item 2 is repeated for as long as DMA-Ih remains active, with 
register R(0) being incremented after each transfer. 

4. Normal program execution is resumed when DMA- In becomes in-active. 


Dm-Out 


1. DMA-Out is caused to become active. 

2. At the completion of the present instruction execution, the state 
codes indicate DMA-Out, MRD is active, and register R(0) is gated 
to the address bus. 

3. Item 2 is repeated for as long as DMA-Out is active. 

4. Normal program execution is resumed when DMA-Out becomes in-active. 

At this point, the priority of the previous tests should be verified 
such that a DMA and Interrupt request occur simultaneously. The order 
of priority is DMA-In first, DMA-Out second, and Interrupt last. 

Input/Output Transfers 

The test to verify the input and output instruction capability of 
the 1802 is performed separately for proper operation. Each instruction 
should be executed with all possible combinations of I/O device selec- 
tions, testing for proper access of the least three significant bits on 
output pins NO, N1 , and N2, and the contents of register R(X) being 
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VI. DC TEST REQUIREMENTS 


Although the major portion of this report has been devoted to testing 
of the functional characteristics of microprocessor units, the importance 
of DC testing should not be de-emphasized. As with other semiconductor 
devices, microprocessor units malfunction as a results of DC characteristics 
being out of specification. Therefore, it is recommended that any complete 
test on a microprocessor unit include verification of the manufacturers 
specified DC characteristics. 

The commonly specified DC parameters are input and output voltage 
levels, input and output currents and leakages, tri state leakage currents, 
power supply voltages and power supply currents. Proper verification and/or 
measurement of each parameter should be performed, simulating the necessary 
condition for accurate test execution. Refer to Attachment I for DC speci- 
fications of each device. 
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VII. SURVEY SUMMARY 


A. List of Companies Interviewed 

Advanced Micro Devices, Sunnyvale, California 

American Micro Systems, Incorporated, Cupertino, California 

Boeing Aerospace, Seattle, Washington 

Burroughs Corporation, Pasadena, California 

Chrysler Corporation, Hunstville, Alabama 

Fairchild Systems & Technology, San Jose, California 

General Electric Company, Pittsfield, Massachusetts 

Hewlett Packard, Palo Alto, California 

Hughes Aircraft Corporation, Culver City, California 

Intel Corporation, Santa Clara, California 

Motorola, Austin, Texas 

Motorola, Phoenix, Arizona 

National Semiconductor, Santa Clara, California 

RCA, Somnerville, New Jersey 

Rockwell International, Anaheim, California 

Tektronics, Beaverton, Oregon 

Texas Instruments, Houston, Texas 
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B. REVIEW OF PRESENT MICROPROCESSOR TEST TECHNIQUES QUESTIONNAIRE 

I. TEST EQUIPMENT 

A. Tester (Which Device on Which Tester) 

B. dock Speed of Tester 

C. Burn-in Equipment 

1 . Type Used 

2. Static 

3. Dynamic 

4. What Type 

II. DC TEST (PRODUCTION) 

A. Parameters Tested 

1. What DC Parameters Are Tested 

2. Are Voltage Measurements Done DC Static or Functional 

3. IF DC, How Long Is Sample 

4. IF AC, Is VOH and VOL Measured*One Pass or Two Pass 

B. Execution Time (Delete Overhead) 

C. Overhead Time 

D. Percentage of Total Test Program 

E. Differences Between Wafer and Final Package DC Tests 

F. Type of Failures Observed 

III. FUNCTIONAL TESTS (PRODUCTION) 

A. Test Pattern 

1. Method of Generation 
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2. Instruction Sequence (What Do. They Test For) 

a. Modular 

b. Other 

3. Gold Device 

a. As A Comparison Test 

b. As A Learn Method 

c. Self Diagnostic (Board Test) 

4. Pattern Length 

5. Pattern Sensitivity 

6. Frequency of Testing Device Output(s) 

a. Each Cycle 

b. End of Operation 

c. Other 

B. Functional Test Conditions 

1 . Device Timing 

2. AC Parameters 

a. Rise/Fall Times 

b. Minimum Pulses 

c. Access Times 

3. Execution Time (Delete Overhead) 

4. Overhead Time 

5. Error Analysis 

a. Why Device Failed 

b. What Instruction 

c. What Data Pattern 

d. What Pin(s) 
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C. Percentage of Total Test Program 

D. Types of Failures Discovered 

E. Differences Between Wafer and Final Package Functional Test Programs 
IV. CHARACTERIZATION EFFORTS 

A. Parameters Characterized 

1. Functional and AC 

2. DC 

B. Temperature Conditions 

C. Burn-in Conditions 

D. Form of Characterization Data Log 

1. Histogram 

2. Shmoo Plot 

3. Other 

E. Number of Devices Characterized 

F. Department Responsible for Characterization 
V. PRODUCTION TESTING 

A. Temperature Conditions 

1 . Hold, Cold, Ambient 

2. If Not Done , Why 

B. Burn-in Conditions 

1 . What Temperature 

2. AC or Static 

3. What Loads 

4. If Not Done, Why 

C. Data Logging 

1. Bin Classification 
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2 . Hardcopy 


a. What Is Obtained 

D. Location Performed 

E. Percentage of Devices Screened 

F. Department Responsible for Productipn Testing 

G. 38510 Specification — Yes/No (If Yes, Who Wrote It) 

H. Types of Failures 


VI. WHAT TYPE OF PROBLEMS ARE YOU FINDING 
VII. RECOMMENDATIONS FOR USER TESTING OF MICROPROCESSORS 
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C. QUESTIONNAIRE RESPONSES 


I. TEST EQUIPMENT 
A. Tester 


RESPONSE 


1 . Fairchi Id Sentry II 

2. Fairchild Sentry 600 

3. Macrodata MD-154 

4. Tektronics S-3260 

5. Teradyne J277 

6. Teradyne J283 

7. Teradyne J293 

8. In-House System 


DEVICE 

8080 

6800 

8008 

2901 

1802 

2 

1 


1 


2 

2 



1 

3 

1 


1 


1 



1 

1 




1 




1 , 


1 


5 - 













RESPONSE 

DEVICE 

I 8080 

6800 

1 8008 

2901 

1 

1802 

1 . Blue M 

1 


1 

1 


2. In-house Design 

5 

1 

! 

1 

3 


3. Corranercially Available 

1 

1 





4. Not Being Performed 


1 













II. DC TESTS (PRODUCTION) 


A. Parameters Tested 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1 . All. Data Sheet 
Paramete rs 

5 

2 

1 

3 

1 

2. All Data Sheet 
Parameters Plus 
Several Unspecified 
Parameters 


1 
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B. Voltage Measurements, Static or Dynamic 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1 . Dynami c 

4 

2 




2. Static 




4 

1 

3. Clocked Very Slow 
(Considered Static) 

1 


1 



4. Static Where Possible 
Dynamic Otherwise 

1 

1 















C. Length of Sample Time, If Voltage Measurements are Static 


RESPONSE 

DEVICE 

8080 

6800 

8008 

2901 

1802 

1 . 5 ms 

1 





2 . 1 0 ms 

1 

1 

1 

3 

1 

3. Dependent On Parameter 




1 


4. Don't Know 

2 
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E. DC Test Execution Time 




■ 

DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1 . 

1/4 Seconds Total Test Time, 
Breakdown Not Available 

1 





2. 

2 Seconds Total Test Time, 
Breakdown Not Available 

1 


1 



3. 

3 Seconds Total Test Time, 
Breakdown Not Available 


1 




4. 

3.5 Seconds Total Test Time, 
Breakdown Not Available 




1 


5. 

5 Seconds Total Test Time, 
Breakdown Not Available 


1 


1 


6. 

Up to 9 Seconds Total Test 
Time, Breakdown Not Available 





1 

7. 

10 Seconds Total Test Time, 
Breakdown Not Available 


1 




8. 

20 Seconds Total Test Time, 
Breakdown Not Available 

1 



1 


9. 

60 Seconds Total Test Time, 
Breakdown Not Available 

2 





10. 

All tests performed are 
engineering type tests, 
not production or incoming 
inspection oriented. 

1 



1 


11. 

Full test program not written 
to date, time undeterminable. 

1 
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F. Overhead Time, DC Test Program 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. 10 Seconds For Hardcopy 

Printout. 




1 


2 . n 


1 




3. Undeterminable 

6 

2 

2 

3 

1 














G. 


Percentage of Total Test Program 
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Differences Between Wafer and Final Package DC Tests 


RESPONSE 


1 . Wafe 


Wafer level tests include 
a 25 V Stress Test which 
is not done at final 
package. 

Wafer level DC tests are 
closely monitored for 
indi cations of yield 
relating to process 
parameters. Final Package 
is strictly Go/NoGo. 

Wafer level tests are 
performed with wider 
guardbands. 


4. None. 


5. Undeterminable, 


6. Not Applicable, 


DEVICE 

8080 

6800 

8008 

.2901 

1802 

1 






1 






1 

1 


1 



1 

1 

1 

2 




3 



2 



5 











I. Types of Failures 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Normal Process Related 
Failures. 

2 

2 


3 


2. Leakage Current, Temperature 
Failures. 

2 

1 



1 

3. Undeterminable 

1 



1 


4. No Comment 

1 

1 

1 
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RESPONSE 


8080 


6800 


DEVICE 
8008 2901 


1802 


1. 

Functional Computer 
Simulati on. 

4 

1 

2 


1 

2. 

Manual , Line by Line . 

1 




3. 

Manual, Line by Line, 
Generation in Tester 
Assembly Language. 




2 

4. 

Half Simulation (Learn 
Mode). 

1 

1 


1 

5. 

1 

Gold Device (DOT operates 
in parallel to known good 
devi ce. ) . 



1 

j 











2. Basis For the Order of uP Instruction Test Sequence 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Exercise every node. Verify 
operation of every instruc- 
tion within specified timing 
requirement. Exercise adja- 
cent nodes in Modular Approach 
Satisfy large user require- 
ments . 

1 


1 



2. Use a Modular Approach to 
verify device operation. 

Also utilizes test engi- 
neer's experience to 
generate an interactive type 
test. 

1 





3. Modular Approach using 
worst case instruction and 
data pattern sequence. 

3 





4. Modular Approach designed 
to represent worst case 
operati on. 


2 


3 


5. Test pattern developed by 
device designer to represent 
worst case operation. 

1 

1 


1 


6. Identify all data paths, all 
instruction operations. 





1 







Pattern Length 


RESPONSE 

DEVICE 

8080 

6800 

8008 

2901 

1802 

1. 

IK 




1 


2. 

2K 

1 

3 




3. 

2K Clock Cycles 

1 





4. 

5K 




1 


5. 

8K 




1 


6. 

12K 

1 





7. 

16K 

1 





8. 

7500 





1 

9. 

Program Incomplete To Date 

1 



1 


10. 

No Comment 

1 



1 
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4. Pattern Sensitivity 


I 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. RAM section sensitive to 
a CHECKERBOARD Pattern. 
Results are based upon a 
sample space of five 
devices. 




1 


2. ALU 



. 

1 


3. None 

6 

3 

i 

2 

1 
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5. Frequency of Testing Device Outputs 



DEVICE 

RESPONSE 

8080 

■ 

6800 

8008 

2901 

1802 

1. Each Cycle, Each Pin 

5 

3 


. 2 

1 

2 . When Determinable Data 
Is Expected to Be 
Present. 

1 





3. Not Every Pin, Every Clock 
Cycle. The Status of a 
Pin is Tested Based Upon 
the Test Engineers 
Judgement. 

1 


1 



4. Several Instructions are 
Executed, Pins of Interest 
Are Tested. 






1 
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B. FUNCTIONAL TEST CONDITIONS 


1. Device Timing, Frequency 


DEVICE 

8080 6800 8008 

i 

1. 1 MHz 1 

2. 2 MHz 1 

3. 3 MHz 

4. 4 MHz 1 

5. 100 MHz 

6. 500 MHz ^ ' 

7. Minimum and Maxiumum Cycle 1 

Time. 

8. Maximum Cycle Time, Minimum 12 2 

Cycle Time, Each Extreme 

Tested With Guardband. 


2901 I 1802 

1 
1 


RESPONSE 


9. Maximum 









2. AC Test Parameters 





DEVICE 



RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Rise and Fall Times, 
Minimum Pulse Width, 
Access Times. 

2 

1 


1 


2. Minimum Pulse Width's, 
Access Times. 

4 

2 

1 

3 

1 


- 162 - 












3. Functional Test Execution Times and Overhead 


DEVICE 


RESPONSE 

8D80 

6800 

8008 

2901 

1802 

1. 2 Seconds Total Test Time 

1/2 Second Overhead. 


1 




2. 3 Seconds Total Test Time 

Overhead Undeterminable. 


1 




3. 3 Seconds Total Test Time 

1 Second Overhead. 




1 


4. 3.5 Seconds Total Test Time 

Overhead Undeterminable. 




1 


5. 4 Seconds Total Test Time 

1 Second Overhead. 

1 





6. 5 Seconds Total Test Time 

Overhead Undeterminable. 

1 



1 


7. 10 Seconds Total Test Time 

Overhead Undeterminable. 





1 

8. 60 Seconds Total Test Time 

Overhead Undeterminable. 

1 





9. 63 Seconds Total Test Time 

60 Seconds Overhead. 

1 





10. Program Not Completed to Date. 

1 

1 




11 . No Comment. 

1 


1 
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4. Error Analysis Information Available 


DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Results indicate what test, 
what uP instruction, what 
data pattern, what pin(s), 
although this information 
is not used in Go/NoGo 
testi ng. 

5 





2. Only Pass/Fail status. 

1 





3. Results indicate what test 
failed, what uP instruction, 
what data pattern, and the 
pin(s) involved. 


2 


1 


4. Results indicate the uP 
instruction involved in 
the failure but not expected 
data output or what pin(s) 
involved. The failing test 
is indicated. 


1 




5. Results indicate what test 
failed and the data pattern 
involved. The instructions 
involved can be determined 
with a manual . 




1 


6. Off-line analysis, the fail- 




1 


ing pin is not displayed. 






7. Only RAM section test results 
indicate what data pattern, 
input code and failing pin(s) 
status. 




1 


8. The capability for indicating 
failing test, uP instruction, 
data pattern, and pin(s) in- 
volved exists although it is 
not used in the Go/NoGo 
situation. 



1 



9. Parametric test portion indi- 
cates the test failed, func- 
tional portion indicates uP 
instruction which failed. 



• 


1 
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5. Types of Failures Discovered 





DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. 

Normal, no pattern sensiti- 
vity found. 

1 





2. 

Timing, logic error, temper- 
ature related failures. 

1 





3. 

Parts are slow, do not meet 
timing specifications. 

1 





4. 

Majority of failures are 
totally inoperative. 

1 





5. 

Package devices are mainly 
functional failures. 

1 





6. 

Normal type failures of DC 
and functional. 


1 




7. 

Normal process related fail- 
ures. 




1 


8. 

Mostly functional failures. 


1 




9. 

In DC mode, leakage current 
is the predominant failure 
mode. Most failures are 
parts that fail within first 
15 instructions. 





1 

10. 

Have only tested small amount 
information inaccurate. 




1 


11. 

Have not completed in-coming 
inspection program to date. 

1 





12. 

Information not available. 


1 

1 

1 





- 165 - 










6 . 


Differences Between Wafer and Final Package Functional Tests 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. No Multiple Probes on 
Wafer. 

1 





2. Less Functional Tests at 
Wafer, to Identify Work- 
ing Parts, do Speed 
Classification at Final 
Package, 

2 





3. Final Package Tests 
Include More Extensive 
Timing and Voltage Corners 
To Classify Parts. 


2 




4. Test Pattern Is the Same. 
Timing and Voltage Corners 
Are More Extensive to 
Classify Parts. 




1 


5. Do No Perform Wafer Probe 
Except Under Special Cir- 
cumstances. Test Would 
Be Different But Details 
Not Available, 




1 


6. None. 

1 


1 


1 

7. Not Applicable. 


1 


1 
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IV. Characterization Efforts 

A. Parameters Characterized 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. All AC & DC Parameters. 

1 


1 

3 

1 

2. All AC & DC Parameters 
Except Rise & Fall Times. 

4 

2 


1 


3. All AC & DC Parameters 
Plus Additional Parameters 
Related to Process Control. 

1 





4. All Ac & DC Parameters, 
Except Rise & Fall Times, 
Data Patterns and Instruc- 
tion Sequences. 


1 
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B. Temperature & Burn-in Conditions 


RESPONSE 


■ DEVICE 


8080 1 6800 8008 1 2901 1802 


1. -55°C to 125°C temperature, 
6-7°C increments, life test 
evaluation performed in lieu 
of burn-in. 

2. At present ambient, expect 
to go to 80°C case temper- 
ature, life testing. 

3. Military: -55°C, -40°C, 0°C, 
25°C, 100°C, 125^C. Commer- 
cial 0-70°C. Burn-in at 150"C 
40 hours minimum, 01, 02 
clocked, loaded outputs. 

4. -55°C, -30°C, Ambient, 85°C, 
125°C, life testing at 125°C, 
1000-2000 hours. 

5. 0°C & 70°C, will go to 85°C, 
possibly higher, no burn-in. 

6. 70°C, no burn-in. 

7. Ambient, no burn-in. 

8. 0°C to 70°C, guard banded 
life test. 

9. -55°C to +125°C, burn in at 
125°C, 48 hours, outputs 
loaded, 01,02, clocked. 

10. -55, 30°C, Ambient, 85°C, 
+125°C, life test at 125°C, 
dynamic, 1000-2000 hours. 

11 . -55, 0°C, 25°C, 70°C, +125°C 
life test at 125°C, dynamic, 
5000 hours. 


12. 0°C, 70°C, 125°C, burn-in is | 
static, power supplied, no i 
pattern applied, outputs loaded. 

13. Temperature is -65°C to +200°C. 
Perform burn-in only if contract 
specifies. Have capability to 
perform all burn-in and environ- 
mental tests. 
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C. Form of Characterization Data Log 





DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. 

Statistical analysis, curves, 
extensive use of shmoo plots, 
occasionally log to disc or 
mag tape for off-line evalu- 
ati on . 

1 





2. 

Shmoo plots, cumulative and 
indi vi dual . 

2 





3. 

Histograms, shmoo plots and 
statistical analysis. 

2 

3 




4. 

Number charts, might go to 
histograms in future. Are 
not performing extensive 
characterization to date. 

1 





5. 

Tabular output and statis-: 
tical analysis. 




1 


6. 

Statistical analysis, curves, 
and extensive use of shmoo 
plots . 




1 


7. 

Graphical pictures, histo- 
grams, statistical analysis, 
and some shmoo plots. 




1 


8. 

Statistical analysis, histo- 
grams, and shmoo plots. 



1 



9. 

Summary. 




1 


10. 

Shmoo Plots. 





1 
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D. Number of Devices Characterized 


RESPONSE 

DEVICE 

8080 

6800 

8008 

2901 

1802 

1 . 

6 




1 


2. 

10 

1 

1 




3. 

12 - 24 

1 





4. 

20 




1 


5. 

40 




1 


6. 

50 

1 





7. 

100 

1 





8. 

500 

1 


1 



9. 

1400 


1 




10. 

Information Not Available 

1 

1 


1 

1 
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E. Department Responsible for Characterization 


' 

DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Product Engineering 

2 

* 

1 

1 



2. Design Engineering 

1 


• 



3. Production & Design 
Engineering 

1 





4. Manufacturing Engineering 




1 


5. Electronic Design 

1 





6. Components & Evaluation 
Department 

1 

1 


1 


7. Operations Department 




1 


8. Advanced Device Technology 
Department 




1 


9. Production Test Group 





1 
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F. Method of Processing Characterization Data 





DEVICE 



RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Automatically 

2. Manually 

5 

1 

3 

1 

4 

1 
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PRODUCTION TESTING 


A. Temperature Conditions 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Ambient 

1 

2 

. 

2 

1 

2. -55°C, +125°C Ambient 

1 



1 


3. 0-70°C, 125°C, Ambient 

1 





4. 70°C 


1 




5. Commercial parts 70°C, 
Military, Cold, Ambient, 
Hot 

1 


1 



6. Initial at 70°C, plan 
to reduce to Ambient. 

2 





7. Wafer at Ambient, final 
package per MD STD 883, 
5004, 5005, Class C. 




1 
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B. Bum-in Conditions 


RESPONSE 


1. 125°C, dynamic, outputs 

loaded, performed as part of 
QA sampling, not normal'por- 
tion of production test. 


2. 125°C, dynamic, outputs 

loaded. 


3. At customers request only, 
125°C, static, outputs 
loaded. 


4. At customers request 125°C 
to 160°C, dynamic, outputs 
loaded. 


5. Performed as part of QA 
sampling, static mode, no 
pattern applied, outputs 
loaded, 125°C. 


6. Only performed if contract 
specifies. Have capability to 
do full military temperature 
range and dynamic type burn-in. 


7. Military only, 150°C, 40 Hours 
minimum, 01, 02, clocked, out- 
puts loaded. 


8. No burn-in. 




DEVICE 

8080 

6800 

8008 

1 

3 

1 

1 

2 

. 

1 



9. None at present. 


1 








C. Datalog Format and Hardcopy 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. 6 Bins, hardcopy of 

Bin distribution 
obtained. 

1 





2 . Go/NoGo Testing, hard- 
copy of Bin count. 

1 



3 


3. Bin classification, 
hardcopy of Bin count. 

4 

3 

1 


1 

4. Bin classification: 

Pass , Fail , DC, Fail 
Functional , no hardcopy 
obtained. 


- 


1 

. 
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E. Department Responsible for Production Testing 
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G. Types of Functional Failures 



DEVICE 

RESPONSE 

8080 

6800 

8008 

2901 

1802 

1. Totally inoperative 
parts, functionally. 

1 





2. Normal process and 

packaged related failures. 

1 



1 


3. Package devices are pre- 
dominantly functional 
failures. 

1 

1 




4. DC tests are predominantly 
leakage failures; func- 
tional failures are parts 
that wholly inoperative. 





1 

5. No data available. 

2 

2 


2 


7. No comment. 

1 


1 

1 










VI . Types of Problems Encountered in Testing Microprocessors 

The problems being encountered in the testing of microprocessors 
do not reflect upon an individual microprocessor but rather the con- 
cept of testing a central processing unit intergrated on one LSI chip. 
The following is a summary of all comments received. 

The range of problems encountered in testing microprocessors is 
best presented by establishing a categorical list derived from both 
manufacturer's and user's. These problems are: 

1 . None 

2. Time Involved 

3. Money Expenditures 

4. Knowledge of Device 

5. User Understanding of Device Operation and Application 

6. Appreciation of Total Efforts 

7. Test Equipment 

8. Accurate Technical, Information on Device 
Item 1 

Four (4) interviewers stated that no one area of testing presented 
unusual problems or problems considered to approach the limits of pre- 
sent test technology. 
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Item 2 


The time factor encompasses all aspects of testing microprocessors. 
This includes test time, preparation of the total test program (pro- 
duction and characterization) and analysis of test results. 

Item 3 

The amount of monies involved in testing includes capital expend- 
itures for equipment and program development. 

Item 4 & 8 


Before the device can properly be tested complete knowledge of the 
microprocessor is essential. Users are of the opinion that this effort 
is hindered by a lack of adequate technical information concerning 
device operation including accurate timing and instruction operations. 


Item 5 & 6 


User's who test microprocessors for outside companies and in-house 
departments are finding that those people responsible for management 
of these tasks do not appreciate the total effort of testing. The 
device application is often not fully stated, nor, is the complexity 
of the test hardware and software requirements understood. 
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Item 7 


Only one interviewer indicated that presently available test 
equipment posed a problem in testing. This comment concerned the 
speed of test equipment with respect to test time. However, the time 
involved in preparing test programs as viewed from an ease of program 
development standpoint and the actual test time due to test system 
overhead requirements can also be considered a valid criticism under 
this heading. 

Item 8 

All user's except one stated that existing technical information 
about specific device operation is not sufficient. Additional infor- 
mation is needed which will accurately define total device operation 
in terms of timing and instruction execution. 
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Recommendations for User Testing 


Recommendations for user testing were found to touch upon just 
about every aspect of testing, ranging from determining the extent of 
testing required to tips on test program structure. 

Collating all the comments gathered results in the following 
summary. 

First, determine the nature of the MPU testing problem from con- 
sideration of such factors as application, reliability requirements, 
and money available. 

The results of this study should then indicate the capabilities of 
the test system to be used including hardware/software trade-offs, ease 
of use, DC and AC test capabilities and provision of test result ana- 
lysis. Test equipment possibilities also include the end product sys- 
tem or a uP development system, in addition to the option of designing 
a system in-house. Another alternative is to not buy test equipment 
but use a. testing laboratory instead. 

Overall test philosophy should be defined as early in the process 
as possible with the key objective of being as thorough as possible withi 
the confines of times, money, and manpower available. 

The actual test program should retain the objective of thoroughness 



by functional verification of each module of the device followed by 
an interactive type test to insure that there is no module- to-module 
destruction of data. If possible, the test scheme should be designed 
such that modifications are easily installed at some later time. 

Be prepared for the time and money expenditures that will be 
necessary for the design and implementation of a thorough testing 
plan. Additional considerations to be included are resources for 
providing facilities for the test equipment and personnel to operate 
and maintain these items. 
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VIII. DETECTED PROBLEMS 


The following instruction sequence sensitivities, module weaknesses, 
or failures were either described during the study conducted and/or 
detected by Macrodata Corporation during its characterization of the de- 
vice prior to this contract. All problems described that were verified 
by Macrodata have been reported to the manufacturer(s) . In all cases, 
parts manufactured after reporting the problem areas did not exhibit 
these characteristics. 

Verified By 

Device Problem Macrodata 


8080 1. It was detected on some devices that the 01 Yes 

clock cross couples noise that exceeded the 
, threshold level on the HLDA input 1 ns. 

2. When running a test similar to the one Yes 

described for the program counter, certain 
devices would fail to respond to a reset 

pulse every time. 

3. When performing a test similar to the test Yes 
described for the register array, some 

devices showed a sensitivity to H — -B and 
H — -D transfers when the 5 MSB's, in the 
data sequence were all I's. 

4. Not all manufactured parts operate exactly Yes 
alike. One 8080 will not execute a program 
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Devi ce Problem 

instruction identical to that of another 
manufacturers part. The main differences 
lies in the execution of arithmetic instruc- 
tions in that status flag operation is not 
always identical from one manufacturer to 
another. This difference between parts 
produced by different manufacturers still 
is present. 

8008 1. It has been detected that if an instruction 

sequence which causes the stack registers to 
perform push and pop operation is repeated 
multiple times, the device fails to operate. 
This was not detected on any other area 
within the device. 

2, Some of the fail devices operated correctly 
for a short period of time, but after a 
period of time the devices would fail to 
operate. This period of time was around 5 
to 10 seconds. Once the device failed, it 
would not ever become operational again, 
even if power was removed and reapplied. 

The device became a total failure. 


Verified By 
Macrodata 


Yes 


No 
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Device 
2901 1 


2 


3 


4 


Problem 

The "A" output. latch for the RAM would 
change state on some devices that were 
operated at a slightly elevated temperature 
and voltage (still within specification). 

The problem was detected by shifting a 
binary pattern of 1110 into the RAM and 
holding this pattern and then addressing 
another location with a pattern of 1111, 
but not clocking this pattern into the 
latch. The parts that exhibited this 
sensitivity showed that the output latch 
value changed from a 1110 pattern to a 
1111 pattern. 

Some parts that have been tested showed a 
sensitivity to a CHECKERBOARD pattern on the 
RAM. 

Not all parts will operate at their rated 
speed. Newer versions of these devices do 
not exhibit this problem. 

It has been reported that the ALU section 
has shown some kind of sensitivity to 
either data, instruction, or a combination 
of the two. This sequence was not defined, 
so this failure could not be verified. 


Verified By 
Macrodata 
Yes 


No 

Yes 

No 
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Device 
6800 & 
1802 


Problem 

No problems were reported on these parts 
other than normal manufacturing process 
problems, which were detected by the 
manufacturers . User's reported no 
extensive testing on either of these 
devices, therefore, no errors were 
reported by them. 


Veri fied By 
Macrodata 
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IX. TEST EQUIPMENT 


DC Requirement 

1. Voltage/Current Force Function ' 

Voltage Force Range = 0 to + 15 Volts 

It is recommended that there should be two ranges within this total 
range. 

Accuracy > .7% of Full Scale 
Current Force Range = 500 pa to 50 ma 

This range should be divided into at least three ranges. 

I 

Accuracy > .7% of Full Scale 

2. Voltage/Current Measurement • 

Voltage Measurement = +15 Volts to -5 Volts 
Recommended at least two ranges. 

Accuracy > .3% Full Scale 
Current Measurement = 500 pa to 300 ma 

Recommended ranges: 2 uA Full Scale, 20 uA, 200 uA, 2 ma, 20 ma, 

300 ma . 

Accuracy - 0.5% Full Scale 
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Power Supplies 

Three Device Bias Supplies Plus Ground 

Voltage Range =+ 15 Volts 

Current Range = 300 ma. Minimum 

Accuracy = 0.2% of Set Voltage for Testing 

AC Voltage Requirements 

Logical input voltage swing: +15 Volts to -1.5 Volts, Maximum 

This voltage should be variable in 10 mV increments throughout the 
range. 

¥ 

+15 V 

-1.5 V 
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Logical output voltage detection: +15 Volts to -1.5 Volts, Maximum 

This voltage should be variable in 10 mV increments throughout the 
range . 

It is recommended that the output sampling circuit be able to 
detect both a VOL and VOH voltage simultaneously. This will allow for 
a functional test measurement in one pass. 

Timing Requirements 

It should be noted that all timing edges produced for input or output 
timing are required to be synchronized to one master clock generator. 

Input 

Clock Frequency = 10 MHz to DC. 

Minimum Clock Pulse Width = 20 ns. 

Clocks required = 2 Minimum - Device Clocks 

1 Minimum - Data Bus Clock 

1 Minimum - Data Bus I/O Control 

2 Minimum - Control Signals for Setup and Hold Time 

Measurements 

Timing edge should be capable of being variable in 1 ns increments. 
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Output 


Minimum of one output comparator strobe with both edges variable in 1 ns 
increments. Strobe positioning should vary over the complete clock input 
cycle. 

With only one comparator strobe it will be required to make more than 
one functional test on the devices. This is required to verify all output 
timing of the particular devices. 

Tester Configuration 


To generate the basic patterns to test the microprocessor that have 
been previously described the following tester would be required. Figure 
21 illustrates the block diagram of a basic tester. 

Mass storage, such as disc, or extended RAM or shift register memory 
is used to store total test patterns. 

A high-speed storage media consisting of high-speed RAM or shift register 
memory (minimum of IK deep X 48 wide) is used to hold portions of total test 
pattern. Overlay of this memory is required from the mass storage medium. 

The Pattern Control and Sequence control logic allows repetition of the 
same test pattern or series of patterns to reduce total test pattern size 
and enable performance of tests that would otherwise not be possible due 




VOLTAGE 


Figure 21; Basic Tester Block Diagram 





to size of test pattern. The capability to allow real time error inter- 
rupt is also provided. 

The Interface logic provides the necessary formatting of signals to 
DUT including voltage and timing levels and signal format in addition to 
the capability of holding a test pattern on the device while the high- 
speed storage media is overlayed by the mass memory. 

The Error Detect circuit compares the output of the device under test 
with the previously stored output response pattern, alerting the pattern 
control and sequencer module of error conditions. 

This basic system can be developed by a company whose testing require- 
ments necessitate the use of such a system. Because of the design vari- 
ations for the different microprocessors, a project of this type can become 
costly and time consuming. Since at least three test equipment manufacturers 
produce equipment that can perform the described test, it is recommended 
that a company consider purchasing this type of system from a commercially 
available supplier. Companies that produce this type of equipment are: 

Fairchild Systems Macrodata Corporation Tektronic Systems 

San Jose, CA Woodland Hills, CA Beaverton, OR 

Software Requirements 

The software requirements for the test system described in the preceding 
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section can be itemized as follows: 

1. Disc Operating System 

2. Test System Executive Program 

3. Microprocessor Test Pattern Development Program 

Discussi on 


In order to efficiently store the large quantities of test data neces- 
sary to execute the tests previously described, a magnetic disc based 
computer system was chosen. The use of the disc requires a sophisticated 
computer program to control storing and retrieval of information to and 
from the disc. Programs of this type are available from the manufacturer 
of the computer chosen for use and can be incorporated in the total system 
software by the manufacturer of the test system. The user also has the 
option of designing his own program. The test system Executive Program is 
a custom computer program designed and developed specifically by the manu- 
facturer of the test equipment. The elements of such a program are many. 
First, a test system language must be developed to allow the user to easily 
develop test programs for a wide variety of devices. Additional necessary 
programs are Editor, List, and Assembly programs. 

An Editor program is one which allows the user to modify existing pro- 
grams in source language. List programs output the entire source or object 
code contents of a test program to a peripheral medium (line printer or 
video terminal) to allow examination of the contents of a program. The 
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Assembly Program converts the source statements of a test program to a 
binary object code which is understandable by the computer. An Executive 
Program must be able to initiate to the different modules of the test 
system for storage and retrieval of information in addition to controlling 
their activities. 

The Microprocessor Test Pattern Development Program is designed to sim- 
plify the development of the test patterns previously described. The 
most desirable and accurate form of this program would be one which would 
completely simulate the microprocessor from an input string consisting of 
mnemonics and data patterns. The total output of such a program is a clock 
cycle by clock cycle definition of all input and output pins of the micro- 
processor in response to the defined input instructions. This program also 
includes test system control data such as when to input microprocessor 
instructions and data patterns and also when to test the output pins. If 
the test system cannot accomodate testing of all device outputs simultaneous 
ly, several versions of the test pattern are necessary to completely verify 
each device pin. 
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X. 


QUALIFICATION TEST VERSUS SCREENING TEST 


The test required for qualification of the device should include: 

1. All functional and DC tests as previously described. 

2. Each functional module test should be verified over the complete vol- 
tage operating range of the device. The best means to do this is to 
generate shmoo plots which plot voltage (VDD, VBB, etc.) versus timing 
parameters and also voltage versus voltage. 

3. All AC timings specified in the manufacturers data sheet should be 
verified. Again, the best method is shmooing voltage versus each 
individual timing parameter and other voltages. Voltage should be 
varied over the complete specification range. 

4. Qualification should consist of testing the device over the manufacturers 
full temperature range. Recommended temperatures are +125, +70, +25, 

0, and -55°C. All manufacturers do not perform this test except for 
normal AQL sampling. 

5. An extensive burn-in program should be performed since manufacturers 
only perform this upon specific request from a customer. A recommended 
burn-in program should be at least 160 hours at 125°C with elevated 
voltages. Also, random dynamic signals should be applied continuously 
during the burn-in cycle. This is only a recommendation since further 
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performed on the subject of microprocessor burn-in procedures. 

6. All DC specifications on the device should also be varied over the 
complete voltage range of the device. Again, using the shmoo plot 
method is recommended. 

A 100% screening test should be based on the results from the qualifi- 
cation test. This test should include: 

1. Testing each functional module as previously described at upper and 
lower power supply limits and all combinations. 

2. Testing all manufactures DC parameters. 

3. If the device is to be used over the complete military temperature 
range, the test should be performed at +125, +25, and -70°C. 

4. A burn-in conditioning should be conducted as previously recommended. 

5. Only critical timing should be verified in order to reduce test time. 
These should include minimum clock pulse width, clock frequency, and 
access time. 
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8080A 


8000A FUNCTIONAL PIN DEFINITION 


The following describes the function of nil of the 8080A I/O pins. 
Several of the descriptions refer to internal timing periods. 


A 15 .A 0 (output threo-itatel 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8 bit words) or denotes the I/O device number (or up 
to 256 input and 256 output devices. Ag is the least significant 
address bit. 


D 7 D 0 (input/output three-state) 

DATA BUS; the data bus provides bi directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dg is the least significant bit. 

SYNC (output) 

SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 

DBIN (output) 

DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus from memory 
or I/O. 



READY (input) 

READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or I/O 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 


WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 


HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

• the CPU is in the HALT state. 

• the CPU is in the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A, 5 -Ag) and DATA BUS (D 7 -Dg) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA (output) 

HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and .address bus 


will go to the high impedance state. The HLDA signal begins at: 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 

In either case, the HLDA signal appears after the rising edge of 0) 
and high impedance occurs after the rising edge of 02- 

INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt instructions and inhibits interrupts 
from being accepted by the CPU when it is reset. It is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 
struction fetch cycle (Ml) when an interrupt is accepted and is 
also reset by the RESET signal, 

INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
(lip/flop is reset it will not honor the request. 

RESET (inputH'l 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 

Vss Ground Reference. 

Vdd *12 *5% Volts. ■' 

Vec *51 5% Volts. 

VflB -5 Volts (substrate bias). 

^t. (^2 2 externally supplied clock phases, (non TTL compatible) 
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8080A 


8080A FUNCTIONAL PIN DEFINITION 


The following dcM;ribcs the (unction of all of the 0080A I/O pins. 
Several of the descriptions refer to internal timing periods. 


A|5 .Aq (output three-state) 

AOORESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the I/O device number (or up 
to 256 input and 256 output devices. Aq is the least significant 
address bit. 


Oy-Dg (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU. memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dg is the least significant bit. 
SYNC (output) 

SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 

OBIN (output) 

DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 
enable the gating of data onto the 8080A data bus from memory 
or I/O. 



*t3 

*15 

Aj 

*8 

*7 

*8 

*5 

*4 

*3 

■•12V 

*2 

*1 

*0 

WAIT 

READY 

«1 

HLDA 


Pin Configuration 


READY (input) 

READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or I/O 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low, READY can also be used to single 
step the CPU. 


WAIT (output) 

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 01. 

HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

• the CPU is in the HALT state. 

• the CPU is in theT2or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(Ai5-Ag) and DATA BUS (D7-O0I will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 

HLDA (output) 

HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 


will go to the high impedance state. The HLDA signal begins at: 

• T3 for READ memory or input. 

• The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 

In either case, the HLDA signal appears after the rising edge of 0) 
and high impedance occurs after the rising edge of 0j. 

INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt instructions and inhibits interrupts 
from being .accepted by the CPU when it is reset. It is auto- 
matically reset (disabling further interrupts) at time T1 of the in- 
struction fetch cycle (Ml) when an interrupt is accepted and is 
also reset by the RESET signal. 

INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
(lip/flop is reset it will not honor the request. 

RESET (input)ID 

RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLDA (lip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
arc not cleared. 

Vss Ground Reference. 

Voo 4 12 1 5" Volts. 

Vec 45 * 5% Volts. 

Vgu -5 15% Volts (substrate bias). 

^1,02 2 externally supplied clock phases, (non TTL compatible) 
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8080A 


ABSOLUTE MAXIMUM RATINGS* 


Tcmpcfatutc Under Bias 

Storage Temperature 

All Input or Output Voltages 

With Respect to Vgg 

Vcc. Voo '^SS With Respect to Vgg 
Power Dissipation 


. . 0°Cto470°C 
-65°C to ♦150°C 

. -0.3V to +20V 

-0.3V to +20V 
J.5W 


'COMMENT: Stressesabove those lisled under "Absolute Maxi- 
mum Ratings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, VoD = +12V ± 5%. Vcc = +5V ± 5%, Vga = -5V ± 5%. Vss ' OV. Unless Otherwise Noted. 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Condition 

V|LC 

Clock Input Low Voltage 

(n 

1 


Vss+08 

V 


V|HC 

Clock Input High Voltage 

9.0 


VdD + 1 

V 


V.L 

Input Low Voltage 

Vss-1 


Vss+0.8 

V 


V,H 

Input High Voltage 

3.3 


Vcc + 1 

V 


VoL 

Output Low Voltage 


B 

0.45 

V 

lOL “ 1.9mA on all outputs. 

Vqh 

Output High Voltage 

3.7 



V 

bn = -1 50pA. 

bo lAV) 

Avg. Power Supply Current (Vqq) 


40 

70 

mA 

Operation 
Tqy = .48 psec 

be (AVI 

Avg. Power Supply Current (V^c) 


60 

80 

mA 

be (AVI 

Avg. Power Supply Current (Vgg) 


.01 

1 

mA 

l|L 

Input Leakage 



±10 

pA 

'/ss ^ V|N < Vcc 

'CL 

Clock Leakage 



±10 

pA 

Vss ^ VcLOCK ^ Vdd 

Idu(2I 

Data Bus Leakage in Input Mode 




pA 

mA 

Vss ^ Vi^j ^ V5$ + 0.8V 
V$s*t0.8V<V|fg <Vcc 

'el 

Address and Data Bus Leakage 
During HOLD 


■ 

+ 10 
-100 

pA 

Vaddr/data “ Vcc 
Vaddr/data = Vss + 0.45V 


CAPACITANCE 

= 25"C Vcc = Vdd = Vss = OV, Vbb * -5V 


Symbol 

Parameter 

Typ. 

Max. 

Unit 

Test Condition 


Clock Capacitance 

17 

25 

Pf 

t = 1 MHz 

C|N 

Input Capacitance 

6 

10 

P< 

Unmeasured Pins 

Cqut 

Output Capacitance 

10 

20 

pf 

Returned to Vss 


NOTES; 

1. The RESET signal must be active lor a minimum of 3 clock cycles. 

2. When OBIN is high and V|f^ > Vm an internal active pull up will 
be switched onto the Data Bus. 

3. ^1 supply I ^T/^ ■ -0.45%/"C. 


TYPICAL SUPPLY CURRENT VS. 
TEMPERATURE. NORMALIZED. I3I 



AMeiCNT TEMPERATURE TCI 


DATA BUS CHARACTERISTIC 
DURING DBIN 



V, 
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A.C.-CHARACTEmSTICS 

Ta = 0°C to 70°C. Voo = ♦ 12V i 5%, Vcc * t5V ± 5%. Vgo = -5V t 5%, Vjs "= OV, Unless Otherwise Noted 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Condition 


Clock Period 

0.48 

2.0 

/isec 

- Cl = lOOpf 

- Cl = 50pf 

tr.«l 

Clock Rise and Fall Time 

0 

50 

nsec 

1^1 

Pulse Width 

60 


nscc 

1«2 

02 Pulse Width 

220 


nsec 

*D1 

Delay 0, to 

0 


nsec 

*02 

Delay 02 *° tf’t 

70 


nsec 

*03 

Delay 0] to 02 Leading Edges 

80 


nsec 

*OA 

Address Output Delay From 02 


Bi 

nsec 

*00 

Data Output Delay From 02 


mm 

nsec 

*DC 

Signal Output Delay From 0t , or 02 (SYNC. ^.waiT.HLOAI 


120 

nsec 

*OF 

DBIN Delay From 02 

25 

140 

nsec 

*0|l’l 

Delay for Input Bus to Enter Input Mode 


iDF 

nsec 

*OS1 

Data Setup Time During 0^ and DBIN 

30 


nsec 


[14] 

TIMING WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V 

"0" = 1.0V; INPUTS "1" = 3.3V. "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V.) 
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A.C. CHARACTERISTICS (Continued) 

Ta ■= 0°C to 70°C, Voo = +12V t 5%, Vcc = <5V 1 5%, Vng = -5V ± 5%, Vjs ” OV, Unless Otherwise Noted 


Symbol 

Paramotcr 

Min. 

Max. 

Unit 

Test Condition 

«DS2 

Data Setup Time to <t>j During DQIN 

150 


nsec 


*dhI" 

Data Hold Time From ^>2 During DBIN 

m 


nsec 


t,El2l 

INTE Output Delay From <t >2 


200 

nsec 

Cl = 5|0pf 

tps 

READY Setup Time During 02 

120 


nsec 


•hs 

HOLD Setup Time to 02 

140 

i 

nsec 


'is 

INT Setup Time During 02 (During O] in Hah Model 

120 


nsec 


tH 

Hold Time From 02 (READY, (NT, HOLDI 

0 


nsec 


'fd 

Delay to Float During Hold (Address and Data BusI 


.120 

nsec 


tAw‘^1 

Address Stable Prior to WR 

.151 


nsec 




Output Data Stable Prior to WR 

(6) 


nsec 



two^^’ 

Output Data Stable From WR 

(71 


nsec 



tWA'2> 

Address Stable From WR 

(71 


nsec 


_ Cl= lOOpf: Address, Data 
CL = 50pf: WR, HLDA, DBIN 

tHpt2] 

HLDA to Float Delay 

(8) 


nsec 


twF>2' 

WR to Float Delay 

(91 


nsec 



tAH<2' 

Address Hold Time After DBIN During HLDA 

-20 


nsec 




- J 
«» 

r\ 1 

r\ 





; 

- 

1 


\ 


i 



Vo 

— 


L i 

~t~ ■ 

L— 



n 





OyO^ F-- 
SYNC 

m 


1 



—it. 

! 



' 1 


DBIN 




i =4 


J 



WR 

j 






— 

1^,^^ VvF ^ 


READY ' 
WAIT 





MOLD ^ 





HLDA 

— 

*oc 

i— 







k— 

tNT 



INTI ^ 

U- <if — 

“DZ 


NOTES: 

t. Oau input thouid be enabled with D 8 IN itatut. No but conflict can then occur and data hold time it atiured. 
tQH * &Ont or IQP. whichever it ictt. 

Load Circuit. 


8080A e ^ 

OUTPlff X 




3- »CV • <03 ♦ <fd2 * <02 ♦ *f02 * <02 * <rd1 > ^0"* 



2.1K 


ISOuA ’ 



• 100 'M 0 «S0 • MOO 

J CAFACITANCE (pf) 

I^AClUAi " ^$PIC* 


4. The followirtp arc relevant when interfacing iht 8080A to davicai having V|^ • 3.3V: 
al Maximum output rite lime from . 8 V to 3.3 V ■ 1 0 Oni (a> C|. * SPEC. 
bJ Output delay when meaturad to 3.0V • SPEC *60nt © Cl • SPEC. 

el M Cl * SPEC, add .6nt/pF if Cl> CspeC* tubiract .3ni/pF Ifrom modified defayl if Cl < CsPEC- 
5- 'AW • 2 t^Y ’•03 '<r07 'I40nte«. 

6 tow 'CY -•D3 *'ro7 -ITOntec. 

7. M not MLOA. »vVO * *WA • «03 * *ro 2 *< 001 . It HLDA. t^Q • tyvA * <WF- 
fl- *HF • «03 * *rP2 ’Wnt. 

*• W/f • 'D3 * 'r07 -'O"* 

10. Data in muM be liable for ihit period dunrtg DGIN ‘T 3 . Both iqsi and (0S2 "^utl be uHtfiad. 
f I. Ready tignal inuit be itable for thii penod during T 3 or Tyy. I Mutt ba aiiamaMy tyrKhronirad.) 

12. Hold lignal mutt be liable tor ihii period during T 7 or Tyy whan eniaimg hold mode, and dunr\g T 3 . T 4 . 
end when in hold mode. lEetemal lynchroniiation it noi required.) 

13. Interrupt tignal mutt be itable during thii period of the lail dock cycle of any milruciion in order to be 
recogmred on the following iniiiuction. 1C Riarnal, lynchroniiation it nni laquirad.l 

14. Thri timing diagram ihowi timing rtfabonihipi only: it doat not rapraiani arry ipae<f« machma cyda 
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8080A 


INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move cither 8 or 16 bits of data between memory, the 
six working registers arid the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set; the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set. and the CMC instruction allows it to be comple- 
mented. CM A complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data and Instruction Formats 

Data in the 8080A is stored in the form of 8-bit binary integers. All data' transfers to the system data bus will be in the 
same format. 

O7 Og D5 D4 D3 Dg Di Op 
DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 

One Byte Instructions * TYPICAL INSTRUCTIONS 


O7 Og O5 O4 O3 O2 

0, 

Oo 

Two Byte Instructions 

O7 Og Dg D4 O3 Dj 

0, 

Do 

O 7 Og Dg O4 D3 O2 

0, 

Do 

Three Byte Instructions 

^7 Og Dg D4 O3 O2 

0, 


U 7 Dg Dg D4 D3 D2 

D, 

Do 

U7 Dg Dg D4 O3' Dp 

D, 

Do 


OPCODE 


OP CODE 
OPERAND 

OP CODE 

LOW ADDRESSOR OPERAND 1 
HIGH ADDRESSOROPERAND 2 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


F or the 8080A a logic " I " is defined as a high level and a logic "0” is defined as a low level. 





8080A 


INSTRUCTION SET 


Summary of Proccsjor instructions 


Mntmenit 

Otic>>pt>on 

<h 

0* 

Instruction Codel^l 

1% Do 0} 0} 0 

Oo 

Cloclil7> 

Cyctas 

Mnamonic 

Dasetiptien 

07 

04 

Initruclion Cedit’l 
O5 |04 O3 O2 0 

Oo 

Clock 

Cycle 

**0^,1,. 7 

Mo«« (Q 

Q 

1 

0 

0 

0 

s 

s 

s 

s 

RZ 

Return <sn teto 

1 

t 

0 

0 

t 

0 

0 

0 

Vtl 

MOV M.f 

Move r»9t*U' l® «>*iTiotv 

0 

1. 

1 

I 

0 

s 

s 

s 

} 

RN2 

Raiurn on no aero 

1 

1 

0 

0 

0 

0 

c 

0 

5/1! 

MCVr.M 

Mow memory to ifQMlir 

0 

1 

0 

0 

0 

1 


0 

1 

RP 

Return on positive 

1 

1 

1 


0 

0 

0 

0 

yii 

Nir 

H«U 

0 

I 

1 

! 

0 

1 


Q 

1 

RM 

Return on minus 

1 

! 

1 

1 

1 

Q 

Q 

Q 

yti 

MVi 

Move immed'ltc itQitlli 

0 

0 

0 

0 

0 

1 


0 

) 

RP£ 

Return on parity even 

I 

1 


0 

1 

0 

0 

0 

5/11 

MVI M 

Move immed'el* memory 

0 

0 

1 

1 

0 

1 


0 

to 

RPO 

Raiurn on parity odd 

1 

1 

1 

0 

0 

0 

0 

0 

5/11 

INR 

Increment remitter 

0 

0 

0 

0 

0 

1 

0 

0 

s 

RSI 

Rtstari 

1 

1 

A 

A 

A 

1 

1 

1 

11 

OCR r 

Oicremeni eiguter 

0 

0 

0 

0 

0 

i 

0 

! 

s 

IN 

Input 

t 

1 

0 


1 

0 

1 

1 

10 

INR M 

increment memory 

0 

0 

1 

1 

0 

I 

0 

0 

to 

OUT 

Output 

1 

1 

0 

1 

0 

0 

1 

1 

to 

OCR M 

Decrement memory 

0 

0 

1 

1 

0 

1 

a 

1 

10 

IXl B 

load immediate register 

0 

0 

0 

0 

0 

0 

0 

1 

10 

AOO r 

Add regnter to A 

1 

0 

0 

0 

0 

s 

s 

s 

4 


Pair 6 & C 










AOCr 

Add reg'ttet to A with cerry 

I 

0 

Q 

0 

1 

s 

s 

s 

4 

IXl D 

Load immediate register 

0 

0 

0 

1 

0 

0 

0 

1 

10 

SUBr 

Subtract regrtter liom A 


0 

0 

I 

0 

s 

s 

s 

4 


Pair D & E 










SBBr 

Subtract register from A 

1 

0 

0 

1 

I 

s 

s 

s 

4 

IXI H 

Load immediate register 

0 

0 

1 

0 

0 

0 

0 

1 

10 


with borrow 











Pair H & L 










ANA r 

And register with A 


0 

1 

0 

0 

s 

s 

s 

4 

tXI SP 

load immediate stack pointer 

0 

0 

I 

I 

0 

0 

0 

1 

to 

XRAi 

Ciclutwi Or (tgitter with A 

1 

0 

\ 

Q 

t 

s 

s 

s 

4 

PUSH B 

Push register Pan B & C or^ 

t 

1 

0 

0 

0 

t 

0 

t 

11 

ORA r 

Or rigitter with A 

1 

0 

1 

I 

0 

s 

s 

s 

4 


neck 










CMPr 

Compare reg'ttcr with A 

1 

0 

1 

1 

I 

$ 

$ 

s 

4 

PUSHD 

Push register Pair 0 & E on 

1 

1 

0 

1 

0 

1 

0 

1 

II 

ADD M 

Add memory to A 

1 

0 

0 

0 

0 

I 


0 

> 


stack 










ADC M 

Add memory to A with carry 

1 

0 

0 

0 

1 

1 

1 

0 

7 

PUSH H 

Push register Pair H & L on 

1 

1 

1 

0 

0 

1 

0 

1 

11 

SUB M 

Subtract memory tiom A 


0 

0 

1 

0 

1 

I 

0 

7 


stacSi 










SB6M 

Subtract memory from A 

1 

0 

0 

I 

1 

1 


0 

7 

PUSH PSW 

Push A and Flags 

1 

1 

1 

1 

0 

I 

0 

1 

11 


with borrow 











on stack 










ANA M 

And memory with A 

I 

0 

1 

0 

0 

1 

\ 

0 

7 

POPB 

Pop register pair B & C off 

I 

1 

0 

0 

0 

0 

0 

1 

10 

XRAM 

Cidutivt Or memory with A 

1 

0 

I 

0 

1 

\ 

1 

0 

7 


stack 










ORA M 

Or memory with A 


0 

1 

1 

0 

\ 

I 

0 

7 

POPO 

Pop register pair 0 & E oil 

1 

1 

0 

! 

0 

0 

0 

1 

10 

CMP M 

Cornpifi memory with A 


0 

1 

I 

t 

1 

1 

0 

7 


stack 










ADI 

Add immediita to A 

I 

1 

0 

0 

0 

1 


0 

7 

POPH 

Pop register pair H & L off 

1 

1 

1 

0 

0 

0 

0 

1 

10 

ACI 

Add immidiste to A with 

I 

I 

0 

0 

I 

1 

1 

0 

7 


Stack 











carry 










POP PSW 

Pop A and Flags 

1 

1 

1 

I 

0 

0 

0 

1 

10 

sut 

Subtract immediate from A 

1 

I 

0 

t 

0 

I 

1 

0 

7 


off stack 










sei 

Subtract immediate from A 


t 

0 

1 

I 

I 

I 

0 

7 

* STA 

Store A direct 

0 

0 

1 

1 

0 

0 

1 

0 

13 


with borrow 










IDA 

load A direct 

0 

0 

1 

1 

1 

0 

1 

0 

13 

ANI 

.And immediJt# *'th A 

1 

I 

1 

0 

0 

1 

1 

0 

7 

XCHC 

f ichange 0 & E. H & L 

1 

1 

1 

0 

I 

0 

1 

1 

4 

XRI 

Ciciui've Or immediate with 


I 

1 

0 

1 

1 

1 

0 

7 


Registers 











A 










XTKL 

Etchange top of stick. H & i 


1 

1 

0 

0 

0 

1 

I 

IS 

ORI 

Or immediiti with A 


1 

1 

1 

0 

1 

1 

0 

7 

SPHl 

H & 1 to Slack pointer 

1 

1 

1 

1 

1 

0. 

0 

1 


CPI 

Compare immediate with A 


1 

1 

I 

i 

1 

I 

0 

7 

PCMl 

H & 1 to program counter 


1 

1 

0 

1 

0 

B 

I 


RIC 

Rotate A Itfi 

0 

0 

0 

0 

0 

1 

I 

1 

4 

DAD B 

Add B & C to H & 1 

0 

0 

0 

0 

1 

0 

0 

1 

10 

RRC 

Rotati A right 

0 

0 

0 

0 

1 

1 

\ 

1 

4 

DAD 0 

Add D & £ to H & 1 

B 

0 

0 

1 

1 

B 

B 

1 

10 

RAL 

Rotati A left through carry 

0 

0 

0 

1 

0 

1 

1 

! 

4 

OAD H 

Add H & 1 to H & 1 

0 

0 

1 

0 

1 

B 

B 

1 

10 

RAR 

Rotate A right through 

0 

0 

0 

1 

t 

1 

1 

1 

4 

OAOSP 

Add Stack pomiar to H & 1 

0 

0 

1 

1 

1 

B 

0 

1 

10 


uiiy 










STAX B 

Store A indirect 


0 

0 

0 

D 

B 

1 

B 


JMP 

Jump unconditional 


1 

0 

0 

0 

0 

1 

1 

10 

STAX 0 

Store A indirect 

0 

0 

0 

I 

0 

0 

1 

B 


JC 

Jump on carry 

1 

1 

0 

I 

\ 

0 

1 

0 

to 

lOAX B 

Load A indirect 

0 

0 

0 

0 

I 

B 


B 


iNC 

Jump on no cany 


1 

0 

\ 

0 

0 

1 

0 

to 

lOAXD 

load A indirect 

0 

0 

0 

1 

1 

0 

1 

B 


J2 

Jump on luo 


1 

0 

0 

I 

0 

\ 

0 

to 

INX B 

Increment B & C registers 

0 

0 

0 

0 

0 

0 

1 

I 


WZ 

Jump on no ;aro 


1 

0 

0 

0 

0 

1 

0 

to 

INX 0 

Increment 0 & E registers 


0 

0 

1 

0 

0 

1 

I 

s 

ff 

Jump on positive 


\ 

1 

\ 

0 

0 

\ 

0 

to 

INX H 

Increment H & 1 registers 

0 

0 

1 

0 

B 

0 

1 

1 

5 

JM 

Jump on minus 


\ 


\ 

1 

0 

\ 

0 

to 

INXSP 

Increment stack pointer 

0 

0 

1 

I 

0 

0 

1 

1 


m 

Jump on parity even 


1 

1 

0 

I 

0 

1 

0 

10 

OCXB 

Decrement B & C 


0 

0 

0 

1 

B 

1 

I 


iPO 

Jump on parity odd 


\ 

1 

0 

0 

0 

1 

0 

to 

OCX D 

Decrement 0 & E 

0 

0 

0 

1 

t 

0 


t 

. 5 

CALL 

Call unconditional 


1 

0 

0 

1 


0 

I 

17 

OCX H 

Occremeni H & 1 

0 

0 

1 

0- 

I 

B 

1 

1 


cc 

Call on carry 


1 

0 

1 

1 


0 

0 

11/17 

ocxsp 

Decrement slack pointer 


0 

1 

1 

1 

B 

I 

1 

5 

CKC 

Cali on no carry 


1 

0 

\ 

0 


0 

0 

tt/t? 

CMA 

Complement A 

0 

0 

1 

D 

1 

1 

1 

1 


cz 

Call on riro 


1 

0 

0 

1 


0 

0 

11/17 

STC 

Set carry 

0 

0 

1 

1 

0 

1 

I 

1 


CN2 

Call on no laro 


1 

0 

0 

0 


0 

0 

lt/17 

CMC 

Complameni carry 

0 

0 

1 

? 

1 

1 

1 

I 

4 

CP 

CaU on positive 


1 

1 

1 

0 


0 

0 

tl/tl 

OAA 

Dioma) ad|vsi A 

0 

0 

t 

0 

0 

1 

t 

1 

4 

CM 

Call on minus 


1 

1 

1 

1 


0 

0 

11/17 

SHIO 

Siori H & 1 direct 


0 

1 

0 

0 

0 

1 

0 

16 

CPC 

Call on parity awn 

1 

1 

1 

Q 

1 


0 

0 

11/17 

IHIO 

load H & 1 direct 

0 

0 

1 

0 

1 

0 

1 

0 

16 

CPO 

Cell on patity odd 

\ 

\ 

1 

0 

0 


0 

0 

tt/t? 

tl 

f nebta Inteirwpts 


1 

t 

t 

t 

0 

t 

1 

4 

RCT 

Raiurn 


1 

0 

0 

1 

0 

0 

1 

to 

01 

Disable iniirrupt 


1 

1 

1 

0 

0 

1 

t 

4 

RC 

Return on carry 

1 

1 

0 

I 

1 

0 

0 

0 

S/ll 

NOP 

No operation 

0 

0 

0 

0 

0 

0 

0 

0 

4 

RKC 

Return oc\ no carry 


1 

0 

1 

0 

0 

0 

0 

s/ll 













NOTES: 1. ODOor SSS - 000 B - 001 C - 010 D - 01 1 E - 100 H - 101 t - 110 Memory - 11 1 A. 
?. Two poiiible cycle time), (S/1 1 ) indicate msiruclion cycles dependent on condition flags. 
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8008 / 8008-1 

EIGHT-BIT MICROPROCESSOR 


■ Instruction Cycle Time — 
12.5 ns with 8008-1 or 20 /i.s 
with 8008 

■ Directly addresses 16K X 8 
bits of memory (RAM, ROM, 
or S.R.) 

■ Interrupt Capability 


■ 48 Instructions, Data 
Oriented 

B Address stack contains 
eight 14-bit registers 
(including program counter) 
which permit nesting of 
subroutines up to seven 
levels 


The 8008 is a single chip MOS 8 bit parallel central processor unit for the MCS-8 microcomputer system. 

This CPU contains six 8-bit data registers, an 8-bit accumulator, two 8-bit temporary registers, four flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A memory 
stack containing a 14-bit program counter and seven 14-bit words is used internally to store program and subroutine addresses. 
The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, ROM or S.R.). 

The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to sub- 
routine. 

The normal program flow of the 8008 may be interrupted through the use of the INTERRUPT control line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 

The READY command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor memory 
to be used. 


8008 CPU 
Block Diagram 


ei OIReCTIONAL 
DATA BUS 




18 BIT! 

INTERNAL DATA BUS 


JL 


DATA BU5 
eUFFCR 


T 




(8 8IT) 

mreRNAL data bus 


~rr 


7T 






IHHSHui 



I 1 

1 REGISTER inj^' 1 



S1ACK 

MULTIPLEXER 


111 I I 111 

80 SI INI HfAOY SYNC Ol 0) 




ACCUMULATOR 

(8> 


B 


REG. (8) 

w 

C 


REC. 18) 



B* 

0 


REG. •» 


E 


REG. fSi 


M 


REC. <81 


L 


REG 181 


SCRATCH 

PAD 
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8008 PHOTOMICROGRAPH 
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8008 , 8008-1 


8008 FUNCTION'AL PIN DESCRIPTION 



D 0 -D 7 

BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program merrory, data memory, and I/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 

INT 

INTERRUPT irout. A logic "1” level at this input 
causes the processor to enter the INTERRUPT 
mode. 

READY 

READY input. This command line is used to syn- 
chronize the 8003 to the memory cycle allowing 
any speed memory to be used. 


SYNC 

SYNC output. Synchronization signal generated by 
the processor! It indicates the beginning of a ma- 
chine cycle. 

0 ,. 02 

Two phase clock inputs. 

So. Si, $2 

MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, Si, and S 2 , along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 

Vcc +5V±5% 

Vdd -9V ±5% 
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8008, 8008-1 




BASIC INSTRUCTION SET 

Data and Instruction Formats i 

Daia in the 8008 is sloreO in the form of 8 bit binary integers. All rfata transfers to the system data bus will be 
in the same formal. 


hg Dj O, Dj Oj o, Oq 
DATA wono 


The program instructions may be one, two. or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 


On* Byf* Insliweiiont 


TYPICAL iMSTRUCttONS 


| o> o* Q3 Q? Q| Op I OP coot 

Tmo 6y1* ln,|(uC<>ont 


«o m*iTso*y 

I/O lOf'CAl, roiar* (>• 

•*1w<n anviawcst^ni 


|0| Og 0^ O 4 Dj O, Opj 
[O, Dj O, Dj O, 0, O^l 
T/wt* B«l* IntiiwCtaOnt 
|0, Dg O; O, 0, OqI 

I °) °6 °s °4 O, Q, Op] 
(. . Oj 0 , O3 0 , 0 , Oo I 


OP coot 

OPCRano 

OP coot 

' LOW AOOAtSS 
HIGH AOO«fSS‘ 


Atm*Oi*t* fnod* •n\UuCt>ont 


JUWP o* CALL •niMilCiion, 


*Pe* Its* |A»(J bylt o' tbn •n|lrwO>On. Dg «n<j 0, »t» "don'i or*" D>ll. 


TM 

For the MCS 8 a logtc "1“ is defined as a high level and a logic "0" is defined as. a low level. 


Index Register Instructions 

The load instructions do not affect the flag flip-flops. The increment and decrement instructions’ affect alt flip- 
flops except the carry. 


MNEMONIC 

MINIMUM 

STATES 

REQUIRED 

INSTRUCTION CODE 
O; Og O 5 D 4 O 3 Dj 0| Oq 

DESCRIPTION OP OPERATION 

111 MOV / 1 , /2 

(51 

11 OOP s s s 

Load tndea register r^ with the content of indei register t 2 - 


( 8 ) 

It 0 0 D 111 

Load irsde* register 1 wuh the content ol memory register M. 

MOVM, / 

(71 

11 tit S S S 

Load menrory reg-ster M with the content of inde» register r. 

mm 

( 8 ) 

0 0 0 0 0 1 1 0 
86 666 686 

Load ir>deK register r with data 6 ... 8 . 

MVI M 

i?l 

0 0 tit 110 

66 688 666 

Load rnemory register M with data 8 ... 6 . 

INR r 

(SI 


Incremer»i the content of ir>de» register r (r f A). 

OCR t 

(51 

0 0 0 0 0 0 0 1 

Decrement the content of inde« register r |r ^ Al. 


Accumulator Group Instructions 



The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 


AOO r 

(51 

t 

0 

0 

0 

0 

s 

S 

s 

Add the content o* mde» register t. memory register M. o* data 

ADO M 

(81 

1 

0 

0 

0 

0 

1 


1 

6 ... B to the accumulator. An overflow (carry) sell the carry 

AOl 

(81 

0 

0 

0 

0 

0 

1 

0 

0 

ll«S>-flOp. 



6 

8 

e 

6 

6 

B 

B 

8 


ADC > 

(51 

1 

0 

0 

0 

1 

S 

S 

S 

Add the content of irsde* register r, memory register M, or data 

ADC M 

(81 

1 

0 

0 

0 

t 

1 


1 

B . . . B Irom the accumulator woh carry. An overflow (carry) 

ACI 

(81 

0 

0 

0 

0 

1 

1 

0 

0 

sets the carry (hp-Mop. 



B 

e 

e 

e 

6 

0 

B 

e 


sue r 


1 

0 

0 


0 

S 

S 

s 

Suhuacl the content of mdea register r, memory register M, or 

SUB M 

mSSm 

1 

0 

0 


0 

1 


1 

data B . . . B from the acCumu>aiOr . An ursde'tlow (borrow) 

SUt 

(81 

0 

0 

0 


0 

1 

0 

0 

teiy the cany flipllop. 



8 

e 

B 

e 

B 

B 

e 

8 


SBB r 

<51 

1 

■0 

0 


1 

S 

s 

S 

Subtract the content ol mde* register r. mentory register M,or data 

SBB M 

(81 

1 

0 

0 


I 

1 


1 

data 8 . . . B Irom the accumulator with borrow. An underflow 

SOI 

(81 

0 

0 

0 


1 

1 

0 

0 

(borrow) sett the carry thp-llop. 



6 

a 

B 

0 

a 

D 

B 

B 
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BASIC INSTRUCTION SET 


■ ■ n 

MNEMONIC 

MINIMUM 

STATES 

REQUIRED 

D; 

INSt RUCTION CODE 
°S °4 °3 ^ 

R) 

DESCRIPTION OF OPERATION 

ANA t 

(SI 

1 

0 

1 

0 

0 

s 

s 

s 

C<>nt|H*t(' <Ih« log<t AND dI the content ol indei ^eqittei r 

ANA M 

18) 

1 

0 

1 

0 

0 

t 


t 

fTvfnory »**gittef M. o* fl/ild B . . . 0 wth the acCuotuUlOf . 

ANI 

(8) 

0 

0 

1 

0 

0 

1 

0 

0 




6 

B 

R 

R 

B 

6 

6 

6 


XRA • 

(SI 

1 

0 

1 

0 

1 

S 

S 

s 

Compiiie ihr EXCLUSIVE OR ol the content ol indea regoter 

XRA M 

(8) 

1 

0 

1 

0 

1 

t 


1 

«. me«nory fcgttler M. or data 6 . . . B with the accumulator 

XRI 

(8) 

0 

0 

1 

0 

t 

1 

0 

0 




' B 

B 

B 

6 

6 

6 

B 

B 


ORA r 

(5) 

1 

0 

} 

} 

0 

S 

S 

s 

Compui»» Ihr* INCLUSIVE OR ol the content ol »nde» regnter 

ORA M 

(81 

1 

0 

1 

t 

0 



1 

r. memory regitter m. O' daia 8 . . . B with the accumulator . 

OR! 

(8) 

0 

0 

1 

1 

0 


0 

0 




e 

a 

6 

6 

B 

B 

B 

B 


CMP r 

(51 

1 

0 

1 

1 

1 

S 

S 

S 

Compare the content ol inde> register r. memory register M. 

CMP M 

(81 

1 

0 

1 

1 

1 

t 


1 

or data 6 ... 6 w«th the accurnuiator. The content ol the 

CPI 

(81 

0 

0 

t 

1 

1 

1 

0 

0 

accumulator is urschanged. 



e 

e 

e 

8 

e 

8 

8 

8 


RLC 

(5) 

0 

0 

0 

0 

0 

0 


0 

Rotate the content ol the accumulator left. 

RRC 

(SI 

0 

0 

0 

0 

1 

0 


0 

Rotate the content ol the accumulator right. 

RAL 

(5) 

0 

0 

0 

1 

0 

0 


0 

Rotate the content ol the accumulator left through the carry. 

PAR 

(SI 

0 

El 

0 

1 

1 

0 


0 

Rotate the cortteni of the accumulator right through the carry. 


Program Counter and Stack Control Instructions 


(*l JMP 

Ml) 

0 1 
62 82 
X X 

XXX 
02 62B2 
63 B3B3 

1 0 0 

82 82 82 

83 83 83 

Unconditionally jump to memory address 83. . . 6383 . . . 83. 

JNC. JN 2 . 
JP. JPO 

(9 or 11 ) 

0 1 
B2 02 
X X 

0 C4C3 
62 62 B2 
83 B3 83 

0 0 0 
B2 82 83 
B3 83 83 

Jump to memory address 83 , . . B3B3 ...831! the condition 
(lip*lloo is false. Otherwise, execute the next in*:>uction in sequence. 

JC. JZ 
JM. Jpg 

mu 

0 1 
87 87 

X X 

' C 4 C 3 

87 82 B2 
83 83 83 

0 0 0 

82 82 82 

83 83 83 

Jump to merrsory address 83 . . . B3B2 . . . B3 If t).e condition 
UiQ’ttoQ is true. Otherwise, execute the next instructicn in sequence. 

CALL 

Ml) 

0 1 
8787 

X X 

XXX 

82 82 82 

83 83 63 

1 I 0 

82 82 82 

83 83 83 

Unconditiorsally can the subroutine at memory address B3 . . . 
B387 . - . B3. Sas« the current address (up one level in the stack). 

CNC, CN 2 , 
CP. CPO 

19 or 111 

0 1 
8782 
X X 

0 C4C3 

82 82 82 

83 83 B3 

0 1 0 
83 82 82 

83 83 83 

Call the subroutrne at memory address 83 . . . B3B3 . . . 83 il the 
corsdition Ilip-lJop is (else, and save the current address (up one 
level in the stack.) Otherwise, execute the riext instruction in sequence. 

cc. cz. 

CM, CPE 

(9 or III 

0 1 
8? 8? 
X X 

1 C4 C3 

82 82 82 

83 83 83 

0 ) 0 
82 82 82 
63 83 83 

Call the subroutine a» memory address 83 . . . B3B3 ...831! the 
condition flip-flop <s true, and save the current address (up one 
level in the stack). Otherwise, execute the next instruction in sequence. 

R6T 

(SI 

0 0 

XXX 

1 1 1 

Unconditroneliy return (down one level >n the slack). 

RNC. RN 2 , 
RP, RPO 

(3 or SI 

0 0 

0 C4C3 

0 1 1 

Return (down one level in the stack) it the condition flip-floo is 
false. Otherwise, execute the next instruction in sequence. 

nc. RZ 

RM. RPE 

(3 or SI 

0 0 

1 C 4 C 3 

0 1 1 

Return (down one level m the stack) il the condition tlip.(ioD is 
true. Otherwise, execute the next instruction in sequence. 

RST 

(SI 

0 0 

AAA 

1 0 1 

Cali the subroutrne at memory address AAAOOO (up one level in the stack). 


Input/Output Instructions 


IN 

(8) 

0 1 0 0 M M M 1 

Read the content ol the selected input port (MMM) mio the 
accumulator. 

OUT 

(6) 

0 1 R R M M M 1 

Wrrte the content ol the accumulator into the selected output 
port (RRMMM. RR f 00 ». 


Machine Instruction 


HLT 

( 4 ) 

0 0 

0 0 0 

0 0 X 

Enter the STOPPED state and remain there until interrupted. 


( 4 ) 

1 1 

1 1 t 

1 1 1 



NOTES 

Ml SSS ■ lodf« | <fet.g««fe<S AI#ccumul»rO' * 0001. 

ODD > Drstination Irwle. ftcq^iter | BIOOU, CiOtOI. 0(0111. EMOO). HMOM. UnO). 

171 Men»o»y (rg>\trM •»« #fSdiftw*d l»v conjfni* o* M & L. 

(31 Add«tiOo«l t>v<rs 0< initruciion jre drsi 9 >i<X'd by BOUOnBBB. 

(4) X - “Doo ‘1 C*»c". 

(SI E lag llip'dopt df lined by C 4 C^ cj^<v (00 ove»iloww o* unde»*io**'l. /**o (01 '»*ioii «s mol , Sign I lO MSB oi f f *uh n *'l "I. 

panty (1 1 -paMiy it cv«mI. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Tempcfalur© 
Under Biai 
Storage Tem(>erature 
Input Voltages and Supply 
Voltage With Retpect 

10 Vcc 

Power Dissipation 


. 0®C to ♦70"C 
~55®C to MSO^C 


♦ 0.5 to -?0V 
i.O W @ 25®C 


•COMMENT 

Stresses above those listed under "Absolute Max- 
imum Ratings" may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
condition above those indicated in the operational 
sections of this specification is rsot implied. 


D.C. AND OPERATING CHARACTERISTICS 

T^ * 0®C to 70®C, « 45V ±5%. Vqq “ — 9V 1.5% unless otherwise specified. Logic "1" is defined 

as the more positive level fV,„. Vq„ ). Logic "0“ it defined as the more negative level (V^^. Vqj^ I. 


•Measurements are made while 
the 8008 is executing a typical 
sequence of instructions. The 
test load is selected such that 
at Vq|_ = 0.4V, 0.44 mA 

on each output. 


A.C. CHARACTERISTICS 

T^ = 0°C to 70°C; = +5V ±5%. Vqq = -9V ±5%. All measufements are referenced to 1.5V levels. 


SYMBOL 

PARAMETER 

8008 

8008-1 

UNIT 

TEST CONDITIONS 

LIMITS 

LIMITS 

MIN. 

MAX. 

MIN. 

MAX. 

*CY 

CLOCK PERIOD 

2 

3 

1.25 

3 

Hi 

Ip.t F ~ 50ns 

* R.l F 

CLOCK RISE AND FALL TIMES 


50 


50 

ns 



PULSE WIDTH OF d, 

.70 


.35 


Ui 


*07 

PULSE WIDTH OF <>2 

.55 


.35 


Hi 


■ 

CLOCK DELAY FROM FALLING 
EDGE OF 01, TO FALLING EDGE 
OF 

.90 

1.1 


1.1 

Hi 


«D2 

CLOCK DELAY FROM TO 0, 

.40 


.35 


Hi 


^03 

CLOCK DELAY FROM 0, TO 0^ 

.20 


.20 




‘do 

DATA OUT DELAY 


1.0 


1.0 


Cl= lOOpF 

*OH 

HOLD TIME FOR DATA BUS OUT 

.10 


.10 


Hi 


«IH 

HOLD TIME FOR DATA IN 

m 


111 




'so 

SYNC OUT DELAY 


.70 


.70 


Cl= lOOpF 

*S1 

STATE OUT DELAY (ALL STATES 
EXCEPT T1 AND Til)'” 


1.1 


1.1 


Cl= lOOpF 

*S2 

STATE OUT DELAY (STATES 
T1 AND TUI 


1.0 


1.0 

ps 

Cl= lOOpF 

*RW 

PULSE WIDTH OF READY DURING 
0,j TO ENTER T3 STATE 

.35 

■ 

.35 


Hi 


•ro 

READY DELAY TO ENTER WAIT 
STATE 

.20 

■ 

.20 





* * * I ,H MIN 2 isQ * II Ihe INTERItUPT it not uVd. .11 tl.let h.v« Ih. wm* output del.v, Iji. 


SYMBOL 

PARAMETER 

LIMITS 

UNIT 

TEST 

CONDITIONS 

MIN. 

TYP. 

MAX. 

’do 

AVERAGE SUPPLY CURRENT- 
OUTPUTS LOADED* 

■ 

30 

60 

mA 

n 

'u 

INPUT leakage CURRENT 

B 


10 


-ov 

m 

INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) 

'^oo 


V,,-4.2 

B 


V,„ ] INPUT HIGH VOLTAGE 

j lINCLUOING CLOCKS) 

0 

1 

tn 


V„*0.3 

B 



OUTPUT LOW VOLTAGE 


■ 

m 

B 

= 0.44mA 
C^ =200pF 

'^OH 

OUTPUT HIGH VOLTAGE 

V„-1.5 



V 

•oM -0-7mA 
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TIMING DIAGRAM 


8008 , 8008-1 



Notes* 1. READY line must be at “O” prior to 0^2 ^2 Guarantee entry into the WAIT state. 

2. INTERRUPT line must not change levels within 200ns (max.) of falling edge of 


TYPICAL D.C. CHARACTERISTICS 



TYPICAL A.C. CHARACTERISTICS 


DATA OUT OflAY VS. 
OUTPUT LOAD CAPACITANCE 



CAPACITANCE f = 1MHz;T^ = 25" C; Unmeasured Pins Grounded 



TEST 

LIMIT 

TYP. 

(pF) 

MAX. 

c,« 

INPUT CAPACITANCE 

5 

10 


DATA BUS I/O CAPACITANCE 

6 

10 

^OUT 

OUTPUT CAPACITANCE 

6 

10 


213 









Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 

• Two-address architecture — 

Independent simultaneous access to two working 
registers saves machine cycles. 

• Eight-function ALU — 

Performs addition, two subtraction operations, and 
five logic functions on two source operands. 

• Flexible data source selection — 

ALU data is selected from five source ports for a 
total of 203 source operand pairs for every ALU 
function. 

• Left/right shift independent of ALU - 

Add and shift operations take only one cycle. 

• Four status flags — 

Carry, overflow, zero, and negative. 

• Expandable — 

Connect any number of Am2901 's together for longer 
word lengths. 

• Mieroprogrammable — 

Three groups of three bits each for source operand, 
ALU function, and destination control. 


GENERAL DESCRIPTION 

The four-bit bipolar microprocessor slice is designed as a 
high-speed cascadable element intended for use in CPU's, 
peripheral controllers, programmable microprocessors and 
numerous other applications. The microinstruction flexibi- 
lity of the Am2901 will allow efficient emulation of almost 
any digital computing machine. 

The device, as shown in the block diagram below, consists 
of a 16-word by 4-bit two-port RAM, a high-speed ALU. 
and the associated shifting, decoding and multiplexing 
circuitry. The nine-bit microinstruction word is organized 
into three groups of three bits each and selects the ALU 
source operands, the ALU function, and the ALU destina- 
tion register. The microprocessor is cascadable svith full 
look-ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. Ad- 
vanced low-power Schottky processing is used to fabricate 
this 40-lead LSI chip. 
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ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure I. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM arsd the high-speed ALU. 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the A select field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi- 
tion, or not shifted in either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words R and S. The R input field is driven from a 2-input multi- 
plexer, while the S input field is driven from a 3-input multi- 
plexer. Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a "zero" source operand. 

Referring to Figure 1 , the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D). connected as inputs. Like- 
wise, the ALU S-input multiplexer has the RAM A-pott, the 
RAM B-port and the Q register connected as inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A. 8 , O, Q and "0" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of source operand pairs. These combin- 
ations include AB, AD, AQ, AO, BD, BQ, BO, OQ, DO and QO. 
It is apparent that AO, AQ and AO are somewhat redundant with 
BD, BQ and BO in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the Ig, l^, and I 2 inputs. The definition of Ig, Ij. 
and I 2 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 

The two source operands not fully described as yet are the D in- 
put and Q input. The 0 input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The Q register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding letjisler for some applications. 

The ALU itself is a high speed arithmciic/logic operator capable 
of performiiuj three binary arithmetic and five logic functions. 
The f 3 , ig, and Ig microinstruction inputs arc used to select the 


ALU function. The definition of those inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate. G, and carry propagate, P. are outputs of 
the device for use with a carry-look-ahead-generator such as the 
Am2902 ('182). A carry-out, Cf^g, is also generated and is avail- 
able as an output for use as the carry flag in a status register. Both 
carry-in (C^,) and carry-out (Cp+g) are active HIGH. 

The ALU has three other status-oriented outputs. These are F3. 
F = 0. and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output Y3. The 
F = 0 output is used for zero detect. It is an open-collector out- 
put and can be wire OR'ed between microprocessor slices. F = 0 
is HIGH.when all F outputs are LOW. The overflow output (OVR) 
is used to flag arithmetic operations that exceed the available 
two's complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when and are 
not the same polarity. 

The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the Q register. Eight possible combinations of ALU destination 
functions are available as defined by the Ig, I 7 , and Ig micro- 
instruction inputs. These combinations are shown in Figure 4. 

The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized. An output control (OE) is used to 
enable the three-state outputs. VJhen QE is HIGH, the Y outputs 
are in the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the Ig, I 7 , 
and Ig microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (■r2). The shifter has two ports; one is labeled RAMq 
and the other is labeled RAMj. Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi- 
plexer. Thus, in the shift up mode, the RAM 3 buffer is enabled 
and the RAMq multiplexer input is enabled. Likewise, in the shift 
down thode, the RAMg buffer and RAM 3 input are ertabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con- 
trolled from the Ig, I 7 and Ig microinstruction inputs as defined 
in Figure 4. 

Similarly, the O register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-down mode, the multi- 
plexer selects the Q register data appropriately shifted up or 
down. The Q shifter also has two ports; one is labeled Qq and the 
other is O 3 . The operation of these two ports is similar to the 
RAM shifter and is also controlled from Ig. I 7 . and Ig as shown 
in Figure 4. 

The clock input to the Am2901 controls the RAM, the Q register, 
and the A and B data latches. When enabled, data is clocked into 
the Q register on the LQW-to-HIGH transition ol the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LQW, the latches ate closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will bo 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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Figure 1. Detailed Am2901 Microprocessor Block Diagram. 











MICROCODE 


ALU SOURCE 
OPERANDS 


MICRO CODE 



L 

H 

L 

L 

H 

H 

H 

U 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 



Figure 2. ALU Source Operand Control. 


R EX NOnS I H V s 


Figure 3. ALU Function Control. 



Don't card. Electrically, the shift pin li a TTU input internally connected to a three-state output which Is In the high*^ 
impedance state. 

8 * Register Addressed by 8 Inputs. 

Up is toward MSB. Down is toward USB. 

Figure 4. ALU Destination Control. 



r • Plus; - • Mmus; V • OR, A - ANO; v • tX OR 

Figures. Source Operand and ALU Function Matrix. 

























































































































SOURCE OPERANDS AND ALU FUNCTIONS 


There arc eight source operand pairs available to the ALU as 
selected by the Iq. I), and I 2 instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 
• 3 . U.and I 5 instruction inputs control this function selection. 
The carry input, Cp. also allccts the ALU results when in the 
arithmetic mode. The Cp input has no effect in the logic mode. 
When Iq through I5 and Cn are viewed together, the matrix of 


Figure 5 results. This matrix fully defines the ALU/sourcc 
operand function lor each stale. 

The ALU functions can also lx: examined on a "task” basis, 
i.c., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure G defines the various logic operations that the Am2901 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH 
(Cn = 1 ) are defined in these operations. 
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LOGIC FUNCTIONS FOR G, P, C„44, AND OVR 


Dofinitioni (4 ■■ OR) 


The four signals G, P. Cn^/^. and OVR are designed to indicate 
carry and overflow conditions when the Am2901 is in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
R and S inputs are the two inputs selected according to 
Figure 2. 


Po “ 

Ro 

+ $0 


Go 

“ RqSo 

p, » 

Ri 

+ S) 


G, 

’ RtS, 

P2 - 

Rz 

+ $2 


Gz 

“ RzS2 

P3 “ 

R3 

+ S3 


G3 

“ R3S3 

C4 = 

G3 

+ P3G2 

■t P3P2G1 

+ P; 

(PzPiGo + P3P2PlPoCn 

C3 = 

Gz 

+ P2Gj 

+ PzPiGq 

+ Pz^fPoCn 


>543 

Function 

P 

G 

Cn +4 

OVR 

B 

R +S 

PaPzPtPo 

G3 + P3G2 + P3P2G1 * P3P2PIC0 

C4 

C3VC4 

B 

wm 


mi 








3 

R vs 

LOW 

PaPjP.Po 

P3P3P1P0 + Cn 

P3P2P1P0 * Cn 

B 

R AS 

LOW 

G3 + Gj ♦ Gi + Go 

G3 + G2 + G] + Go + Cn 

G3 + G2 + Gj + Go + Cn 


R AS 

LOW 






6 

n 

___ 7T . ^ 

B1 


■ 

R vs 

G3 + G2 + Gi Go 

G3 + P3G2 + P3P2G1 +P3P2P1G0 

G3 + P3G2 + P3P2G1 

See note 





PaPzPtPo (Go + CnI 




Note; IP 2 +G?Pt + G 2 GtPo GoCn] V (P 3 + G3P2 + G3G2P) + G3G2G)Po+G3G2G)BoCn] ♦ • OB 

Figure 8. 



PACKAGE OUTLINE 


40-Pin Ceramic (Side Brazed) 


42-Pin Flat Package 



Figure 9. 
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PIN DEFINITIONS 

Ao *3 The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the A-port. 

Bo -3 address inputs to the register stack used to 

select one register whose contents are displayed 
through the B-port and into which new data can be 
written when the clock goes LOW. 

lo-8 instruction control lines to the Am2901, 

used to determine what data sources will be applied 
to the ALU (I012). what function the ALU will 
perform (I345). and what data is to be deposited in 
the Q-register or the register stack (IgTsL 

Q3 A shift line at the MSB of the Q register (Q3) and the 

RAM3 register stack (RAM3). Electrically these lines are 
three-state outputs connected to TTL inputs internal 
to the Am2901. When the destination code on I078 
indicates an up shift (octal 6 or 7) the three-state out- 
puts are enabled and the MSB of the Q register is 
available on the Q3 pin and the MSB of the ALU out- 
put is available on the RAM3 pin. Otherwise, the 
three-state outputs arc OFF (high-impedance) and the 
pins are electrically LS-TTL inputs. When the desti- 
nation code calls for a down shift, the pins are used 
as the data inputs to the MSB of the Q register 
(octal 4) and RAM (octal 4 or 5). 

Qq Shift lines like Q3 and RAM3, but at the LSB of the 

RAMq Q-register and RAM. These pins are tied to the Q3 
and RAM3 pins of the adjacent device to transfer 
data between devices for up and down shifts of the 
Q register and ALU data. 

Do- 3 Direct data inputs. A four-bit data field which may 
be selected as one of the ALU data sources for 
entering data into the Am2901. Dq is the LSB. 


Yo _3 The four data outputs of the Am2901. These are 
three-state output lines. When enabled, they display 
either the four outputs of the ALU or the data on the 
A-port of the register stack, as determined by the 
destination code 1578- 

OE Output Enable. _When 61 is HIGH, the Y outputs 
are OFF; when OE is LOW, the Y outputs are active 
(HIGH or LOW). 

P, G The carry generate and propagate outputs of the 
Am2901's ALU. These signals are used with the 
Am2902 for carry-lookahead. See Figure 8 for the 
logic equations. 

OVR Overflow. This pin is logically the Exclusive-OR of 
the carry-in and carry-out of the MSB of the ALU. 
At the most significant end of the word, this pin 
indicates that the result of an arithmetic two's com- 
plement operation has overflowed into the sign-bit. 
See Figure 8 for logic equation. 

F = 0 This is an open collector output which goes HIGH 
(OFF) if the data on the four ALU outputs Fq _3 
are all LOW. In positive logic, it indicates the result 
of an ALU operation is aero. 

Cn The carry-in to the Am2901's ALU. 

Cn-f4 The carry-out of the Am2901's ALU. See Figure 8 
for equations. 

CP The clock to the Am2901. The Q register and register 
stack outputs change on the clock LOW-to-HIGH 
transition. The clock LOW time is internally the 
write enable to the 16x4 RAM which comprises the 
"master" latches of the register stack. While the clock 
is LOW. the "slave" latches on the RAM outputs are 
closed, storing the data previously on the RAM 
outputs. This allows synchronous master-slave opera- 
tion of the register stack. 
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MAXIMUM RATINGS (Ahovo which lh« uscUit life may he impaired) 


Storaoc Tcmpcraluro 


Tcmperauirc (Amhient) Under Bias 


Supply Voltage to Groirnd Potential 


DC Voltage Applied to Outputs lot HIGH Output State 


DC Input Voltage 


DC Out|)ut Current, Into Outputs 


DC Input Current 


Am2901PC. DC 


Am2901DM, FM 


0"C to +70°C 


-55”C to M25“C 


4.75 V to 5,25 V 


4.50 V to 5.50 V 


-65"C to •t150'’C 


-55"C toU25“C 


-0.5 V to 46.3 V 


-0.5 V to fVqc max. 


-0.5 V to 45.5 V 


30 mA 


-30 mA to +5.0 mA 



OPERATING RANGE 


P/N 

Ambient Temperature 

Vec 


STANDARD SCREENING , 

(Conforms to MIL-STD-883 for Class C Parts) 



Step 


PrC'Seal Visual Inspection 


Stabilisation Bake 


Temperature Cycle 


Certtrifuge 


Fine Leak 


Gross Leak 


MiL^TD-aaa 

Method 


2010 




^ -65“Cto4l50®C 
10 cycles 


6 10,000 G 


A 5x 10~® atm-cc/cm3 


C2 Fluorocarbon 


See below for 
definitions of subgroups 


1 Ltrel 

Am2901PC. DC 

Am2901OM, FM 

100% 

100% 

100% 

100% 

100% 

100% 

100% • 

100% 

100% • 

100% 

100% * 

100% 

100% 

100% 


Insert Additional Screening here for Class B Farts 




Group A Sample Tests 
Subgroup 1 



LTPD = 5 

LTPD =■ 5 

Subgroup 2 
Subgroup 3 

5005 

See below for 

LTPD - 7 
LTPD - 7 

LTPD • 7 
LTPD » 7 

Subgroup 7 

definitions of subgroups 

LTPD » 7 

LTPD - 7 

Subgroup 8 
Subgroup 9 



LTPD = 7 
LTPD = 7 

LTPD » 7 
LTPD = 7 


*Not applicable for Am290lPC 


ADDITIONAL SCREENING FOR CLASS B PARTS 


Step 

MlL-STO-883 

Method 

Conditions 

Level 

Am2901DMB, FMB 

Burn-In 

tots 

p 125'C 

160 hours min. 

100% 

Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 

5004 


100% 

100% 

100% 

100% 

100% 

Return to Group A Tests in Standard Screening 


ORDERING INFORMATION 

Package 

Temperature 

Order 

Type 

Range 

Number 

Molded DIP 

0°C to 470°C 

AM 2901 PC 

Hermetic DIP 

0°C to +70°C 

AM2901DC 

Hermetic DIP 

-55°C to 4 125°C 

AM2901DM 

Hermetic Flat Pack 

-55°C to4l25°C 

AM2901FM 

Dice 

0°C to 470°C 

AM2901XC 


GROUP A SUBGROUPS 

(as defined in MIL-STD-883, method 5005) 


Subereup 


1 

2 

3 



Parameter 

Temperature 

DC 

25'*C 

DC 

Maximum rated temperature 

DC 

Minimum rated temperature 

Function 

25“C 

Function 

Maximum and minimum rated 


temperature 

Swiichirrg 

25“C 

Switching 

Maximum Raieif Temeperature 

Switching 

Minimum Rated Temperature 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted) 
(Group A, Subgroups 1. 2 and 3) 


Description 


Vqh ( Output HIGH Voltage 


I Output Leakage Current 

forF-OOutput 



Output Short Circuit Current 
(Note 3) 


Power Supply Current 


Test Conditions (Noi* d 


lOH * —1 .6mA 
Y 0 .Yt.Y 7 .Y 3 


Vec • 

Y|N • V(H or V|L 


*OH • “t.OmA, Cn*4 


•OH ■ -600pA, F3 


*OH * “6(X)pA 
RAMo^ 3- 3 


Vec * VoH “ 5-5V 
VtN “ V|H or V|L 


v^c * min., 

VlN * V|H<m ViL 


lOL “ tOmA, Cn+4, P *0 


Iql “ 8.0mA. OVR, P 


lOL “ 6.0mA, F 3 
RAMq 3 . Oq, 3 


Guaranteed input logical HIGH 
voltage (or all inputs 


Guaranteed input logical LOW 
voltage (or all inputs 


• MIN., I||ij “ —18mA 


Military 


Commercial 


Vec “MAX. 
ViN -O.SV 


Aq. A^. A 2, A3 


Bo. 87. 83 


Oq. D^, 07 . D 3 


*0. »1.>2-‘*6. '8 



Vec “ max. 

V,m'2.7V 


A 0 .A 1 .A 7 . A 3 


Bq. Bi. 87 . 83 


Oq. ^7' D 3 


*0. M. >2. '6. '8 


Vec • max., V||sj » 5.5V 



Vec ■ max. 


Vec • 5.75V 

Vq • 0.5V 


Vec " 


RAMq^ 3 . 
Q0,3 


Vq " 2.4V 


Vq • 0.5V 


Vq • 2.4V 
(Note 4) 


Vq ' 0.5V 
(Note 4) 


Y0.Y1.Y7.Y3.G 


Cn*4 


RAMq^ 3 . Oq. 3 . 


Military 


Commercial 


Tvp. 

Min. (Not* 3) Max. 



For conrliiiooi thowrt as MIN. or MAX., us* the appropriate velue tpecltlep under Flectrlcal Character Ullct tor the a|>plicBl>le davi 
Typical limits aie at V^e “ 6.0V. ?&*'C ambient erul maaliiiurn loedlog. 

Not more thait one ouiput should ha shorted at a time. 0«iretion o( the short circuit test should not eKCeeU one second. 

These are throe state outputs Internally connectetf to T1 L Input*. Input chetecterisilcs ere measured Mith 1(^70 In a slate such 1 
three • tale ou tput Is UF F , 
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GUARANTEED OPERATING CONDITIONS 
OVER TEMPERATURE AND VOLTAGE 

Tables I, II. and III below deline the timing requirements of 
the Am2901 in a system. The Am290l is guaranteed to 
function correctly over the opctalinq range svhen used within 
the delay and set up time constraints of these tables for the 
appropriate device type. The tables are divided into three 
types of parameters; clock characteristics, combinational delays 
from inputs to outputs, and set up and hold time requirements. 
The latter table defines the time prior to the end of the cycle 
(i.e.. clock LOW-to HIGH transition) that each input must be 
stable to guarantee that the correct data is written into ortc of 
the internal registers. 

The performance of the Am2901 within the limits of these 
tables is guaranteed by the testing defined as "Group A. 
Subgroup 9" Electrical Testing. For a copy of the tests and 
limits used for subgroup 9. contact Advanced Micro Devices' 
Product Marketing. 


TABLE I 


CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME 

Am2001DC,PC 

Am2901OM.FM 

Rcad-ModifV'Wrjfe Cycle . 
(lime from selection of 
A, B registers to end of 
cycle) 

105ns 

120ns 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

9.5MHz 

8.3 MHz 

Minimum Clock LOW Time 

30ns 

30ns 

Minimum Clock HIGH Time 

30 ns 

30ns 

Minimum Clock Period 

105 ns 

120 ns 


TABLE II 


MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns, Cl < 15pF) 



Am2901DC. PC (0°C to +70°C; 5V ±5%) 

Am2901DM, FM (-55°C to-H25°C; 5V ±10%) 

To 

_ Output 

From 

Input 

a 

F3 

Cn+4 

G, P 

EB 

OVR 

Shift 

Outputs 

1 

F3 

Cn+4 

1 

F = 0 

rl= 

470 

OVR 

Shift 

Outputs 

RAMq 

RAM3 

Qo 

Q3 

RAMq 

RAM3 

Qo 

Q3 

A, B 

110 

85 

80 

80 

no 

75 

HQ 

- 

120 

95 

90 

90 

120 

85 

120 

- 

D (arithmetic mode) 

IBBl 

70 

70 


KliftB 

60 


- 

110 

Eg 

75 

75 

110 

65 

■nij 

- 

D(I = X37) (Note 5) 

60 

50 

- 

- 

60 

- 

60 

- 

65 

55 

- 

- 

65 

- 

65 

- 

Cn 

55 

35 


- 

50 

Mm 


- 

Id 

mm 


- 

55 

45 


- 

1012 

85 

65 

65 

65 

80 

65 

80 


90 

70 

d 

d 


d 

d 

- 

I345 

m 

55 

60 

60 

70 

60 

65 

- 

Id 

60 

d 

d 

d 

d 

d 

- 

l678 

rm 

- 

- 

- 

- 

- 

45 

45 

Id 

- 

d 



d 

50 

50 

OE Enable/Disable 

HiBB 

- 

- 


- 

- 

- 

- 


- 

- 

- 

- 

- 

- 

- 

A bypassing 
ALU (1 = 2xx) 

60 

- 

- 

- 

- 

- 

- 

- 

65 

- 

- 

- 

- 

- 

- 

- 

Clock (Note 6) 

115 

85 

100 

100 

110 

95 

105 

60 

125 

95 

no 

no 

120 

105 

115 

65 


SET-UP AND HOLD TIMES (all in ns) (Note 1) TABLE III 


From Input 

Notes 

Am2901DC,PC(0‘’C to +70°C, 5V ±5%) 

Am2901DM.FM(-55°C to ■H25°C, 5V ±10%) 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 

A. 8 
Source 

2,4 
3. 5 


0 


0 

B Dest. 

2,4 

tpwL +15 

0 

IpwL +15 

0 

D (arithmetic mode) 


100 

0 

110 

0 

D(l = X37) (Note 5) 


60 

0 

65 

0 

Cn 


55 

0 

60 

0 

'012 


85 

0 

90 

0 

'345 


70 

0 

75 

0 

'678 

4 

IpwL + 15 

0 

IpwL +15 

0 

RAMq, 3. Qo. 3 

• 

30 

0 

30 

0 


Notaa: 1. 
2 . 

3 . 

4. 

5. 

6 . 


StfA Fl 0 ur« 11 end 1 ?. 

If th* B •ddrott l» uMd at • lourca oparand. allow for tha *'A, 6 tourco’* iai*up lima; If It it utad only for tha dattinatlori addrast, uta tha 
"B dati." tet'Up lima. 

Whora two numb^fi a>a thown. both mutt ba mat. 

It Ihp clock LOW tima. 

DVO It ibe fattatt way lo load tba RAM from tha O Inputs. This function It obtained with I • 337. 

Using O roQittor at tuurca operand in arithmetic mode. Clock it not normally in critical ipeed path whan Q Is not a source. 
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SET-UP AND HOLD TIMES (minimum cycles from each input) 

Set up and hold times are defined relative to the clock LOW-to- 
HIGH edge. Inputs must be steady at all times from the set-up 


time prior to the clock until the hold time after the clock. The 
set-up times allow sufficient time to perform the correct 
operation on the correct data so that the correct ALU data 
can ho written into one of the registers. 



Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable 
Times for Am2901 DC, in ns. See Table III for Detailed Information. 



Figure 12. Switching Waveforms for 1G-Bit System Assuming A, B, D and I are all Driven from 
Registers with the same Propagation Delay, Clocked by the Am2901 Clock. 
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MICROPROCESSING UNIT (MPU) 

The MC6800 is a monolithic 8 bit microprocessor forming the 
central control functioti for Motorola's M6800 family. Compatible 
with TTL, the MCG800, as with all MC800 system parts, requires 
only one +5. 0-volt power supply, and no external TTL devices for 
bus interface. 

The MC6800 is capable of addressing 65K bytes of memory 
with its 16-bit address lines. The 8-bit data bus ts bidirectional as 
well as 3-state, making direct memory addressing and multiproces- 
sing applications realizable. 

• Eight-Bit Parallel Processing 

• Bi-Directional Data Bus 

• Sixteen-Bit Address Bus — 65K Bytes of Addressing 

• 72 Instructions — Variable Length 

• Seven Addressing Modes — Direct, Relative, Immediate, Indexed, 

Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Vector 

• Separate Non-Maskable Interrupt — Internal Registers Saved 

In Stack 

• Six Internal Registers — Two Accumulators, Index Register, 

Program Counter, Stack Pointer and Condition Code Register 

• Direct Memory Addressing (DMA) and Multiple Processor 

Capability 

• Clock Rates as High as 1 MHz 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capability 


iVIOS 


(NCHANNEL. SILICON-GATE) 


MICROPROCESSOR 



M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 


MC6800 MICROPROCESSOR 
BLOCK DIAGRAM . 


MC6800 

Microprocessor 


Address Bus 


Read Only 
Memory 



Random 

Access 

Memory 



Interface 

Adapter 



IntorfHce 
Adnp lur 

_ Input/ 

Moriorn Otrltmt 

Coritrui 


Data Registers 
and Buffers 


Address 

Registers 

and 

Buffers 


Adfiross Diitii 
(fus Bus 
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E LECTR ICAL CHAR ACTE R ISTICS (Vqq " 5.0 V • 5%, Vs3 ■=■ 0, Tyy 0 to 70°C unless oihorwiso noted.) 


Charoctoristic 

Symbol 

ln[)ut Uiyh Vollaye 

Logic 

01.02 

V|H 

V|HC 

Input LowVollayo 

Logic 

01.02 

V|L. 

V|LC 

Clock Ov'ershoot/Undershoot — Input High Level 

— Input Low Level 

VqS 

Input Leakage Current 

(V|n = 0 to 5.25 V, = max) ' 

(Vjn = 0 to 5.25 V. Vec = 0.0 V) 

Logic* 

01,02 

m 

Three-State (Olf State) Input Current 
(Vjn 0.4 to 2.4 V, '^CC ~ f'^ax) 

D0-D7 

A0-A15.R/W 

'tsi 

1 Output High Voltage 

('Load = -205 pAdc, V^c = nai'') 
('Load = -■>'’5 uAdc, Vec = min) 

('Load = -lOOuAdc.Vcc = min) 

D0-D7 

A0-A15.R/W.VMA ' 

BA 

VOH 

Output Low Voltage 

('Load = 1 -0 mAdc. Vqc = min) 

VoL 

Power Dissipation 

Pd 

Capacitance ® 

(V|n = 0, Ta = 25°C. (=1.0 MHz) 

01.02 

TSC 

DBE 

D0-D7 . 

Logic Inputs 

Oin 


A0-A15.R/W.VMA 

(-out 

Frequency o( Operation 

( 

Clock Timing (Figure 1) 
Cycle Time 


*cyc 

Clock Pulse Width 

(Measured at V^c — 0.3 V) 

01 

02 

PW0H 

Total 01 and 02 Up Time 


^Ut 

Rise and Fall Times 01.02 

(Measured between Vss + 0.3 V and V^c ~ 0.3 V) 

t0r- 'Ol 

Delay Time or Clock Separation 

(Measured at Vqv “ ^ss 0.5 V) 


‘d ' 

Overshoot Duration 


tos 



•Except IRQ and NMI, which require 3 kS7 pullup load resistors (or wire-OR capability at optimum operation. 
^Capacitances are periodically sampled rather than 100% tested. 

FIGURE 1 - CLOCK TIMING WAVEFORM 
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MAXIMUM RATINGS 

This device coninins circuitry to protect the 
inputs asieinst dam.iije flue to trirjh static volt- 
ages or electric liclds; however, it is ativised that 
normal precautions tre taken to avoid iipplica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


READ/WR ITE TIMING Figures 2 and 3. f = 1 .0 MHz, Load Circuit of Figure G, 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Address Delay 

‘AD 

- 

220 

300 

ns 

Peripheral Read Access Time 
Wc = *ut - <'AD ■* 'DSR> 

•acc 

— 

— 

540 

ns 

Data Setup Time (Read) 

‘DSR 

100 

-r 

- 

ns 

Input Data Hold Time 

‘H 

10 

- 

- 

ns 

Output Data Hold Time 

‘H 

10 

25 

- 

ns 

Address Hold Time (Address, R/W, VMA) 

'AH 

50 

75 

- 

ns 

Enable High Time for DBE Input 

*EH 

450 

- 

- 

ns 

Data Delay Time (Write) 

‘DDW 

- 

165 

225 

ns 

Processor Controls* 






Processor Control Setup Time 

‘PCS 

200 

— 

— 

ns 

Processor Control Rise and Fall Time 

‘PCr. ‘PCf 

- 

— 

100 

ns 

Bus Available Delay 

‘BA 

- 

- 

300 

ns 

Three State Enable 

‘TSE 

- 

— 

40 

ns 

Three State Delay 

‘TSD 

- 

- 

700 

ns 

Data Bus Enable Down Time During 01 Up Time (Figure 3) 

‘DBE 

150 

- 

- 

ns 

Data Bus Enable Delay (Figure 3) 

‘DBED 

300 

- 

- 

ns 

Data Bus Enable Rise and Fall Times (Figure 3) 

‘DBEr. 'DBEf 

- 

- 

25 

ns 


•Additional information is given in Figures 12 through 16 of the Family Characteristics — see pages 17 through 20. 


Rating 

Symbol 

Voluo 

Unit 

Supply Voliogo 

Vec 

-0.3 to +7.0 

Vtic 

Input Voltiign 

Vin 

-0.3 to +7.0 

Vdc 

Operating Temperature Range 

Ta 

0 to +70 

. Oq 

Storage Temperature Range 

^stg 

■ —55 to +150 

“C 

Thermal Ftcsistonce 

‘’JA 

70 

°C/W 



FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 
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DELAY TIME (ns) 


FIGURE 3 - WRITE IN MEMORY OR PERIPHERALS 



FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 


FIGURE 5 - TYPICAL READ/WRITE, VMA, AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 
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FIGURE G - DUS TIMING TEST LOAD 


TYPICAL POWER SUPPLY CURRENT 


Rl," 2.2 k 

MMUG150 
or Equiv, 


MMD7000 
or Equiv. 


130 pF for D0-D7 

•= 90 pF for A0-A15, R/W. and VMA 

*= 30 pF for BA 

= 11.7 kn for O0-D7 

= 16.5 kn for A0 A15. RAV. and VMA 
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FIGURE 7 - VARIATIONS WITH FREQUENCY 
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FIGURE 8 - VARIATIONS WITH TEMPERATURE 
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MPU SIGNAL DESCRIPTION 


Pro|u;r op(;r;ition of Ihi; MPU rcciuircs that certain con- 
trol and timing signals be provided to accomplish S(X’cilic 
functions and that other signal lines be monitored to 
determine the state of the processor. 

Clocks Phase Ono and Phase Two (01, 02) — Two pins 
arc used for a two-phase non-ovcrlai)ping clock- that runs 
at the Vqq voltage level. 

Address Bus (A0-A15) — Sixteen pins are used for the 
address bus. The outputs are three-state bus drivers capa- 
ble of driving one standard TTL load and 130 pF. When 
the output is turned off, it is essentially an opert circuit. 
This permits the MPU to be used in DMA applications. 

Data Bus (D0-D7) — Eight pins are used for the data 
bus. It is bi directional, transferring data to and from the 
memory and peripheral devices. It also has three-state 
output buffers capable of driving one standard TTL load 
and 130 pF. 

Halt — When this input is in the low state, all activity 
in the machine will be halted. This input is level sensitive. 
In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a one level, Valid 
Memory Address will be at a zero, and all other three-state 
lines will be in the three-state mode. 

Transition of the Halt line must not occur during the 
last 250 ns of phase one. To insure single instruction 
operation, the Halt line must go high for one Clock cycle. 

Three-State Control (TSC) — This input causes all of the 
address lines and the Read/Write line to go into the off or 
high impedance state. This state will occur 700 ns after 
TSC= 2.0 V. The Valid Memory Address and Bus Available 
signals will be forced low. The data bus is not affected by 
TSC and has its own enable (Data Bus Enable). In DMA 
applications, the Three-State Control line should be 
brought high on the leading edge of the Phase One Clock. 
The 01 clock must be held in the high state and the 02 
in the low state for this function to operate properly. The 
address bus will then be available for other devices to 
directly address memory. Since the MPU is a dynamic 
device, it can be held in this state for only 4.5 ps or 
destruction of data will occur in the MPU. 

Read/Write (R/W) - This TTL compatible output 
signals the peripherals and memory devices whether the 
MPU is in a Read (high) or Write (low) state. The normal 
standby state of this signal is Read (high). Three-State 
Control going high will turn' Rcad/Write to the off (high 
impedance) state. Also, when the processor is halted, it 
will be in the off state. This output is capable of driving 
one standard TTL load and 90 pF. 

Valid Memory Address (VMA) — This output indicates 
to peripheral devices that there is a valid address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard 
TTL load and 90 pF may be rlircctly driven by this active 
high signal. 


Data Bus Enable (DBE) — This input is the three-state 
control signal for the MPU data bus and will enable the 
bus drivers when in the high state. This input is'TTL com- 
patible; however in normal operation, it would be driven by 
the phase two clock. During an MPU read cycle, the data 
bus drivers will be disabled internally. When it is desired 
that another device control the data bus such as in Direct 
Mernory Access (DMA) applications, DBE should lx: 
held low. 

Bus Available (BA) — The Bus Available signal will 
normally be in the low state; when activated, it will go to 
the high state indicating that the microprocessor has 
stopped and tha t the address bus is available. This will 
occur if the Halt line is in the low state or the processor 
is in the WAIT state as a result of the execution of a 
WAIT instruction. At such time, all three-state output 
drivers will go to their off state and other outputs to their 
normally inactive level. The processor is removed from the 
WAIT state by the occurrence of a maskable (mask bit 
I = 0) or nonmaskable interrupt. This output is capable 
of driving one standard TTL load and 30 pF. 

Interrupt Request (IRQ) — This level sensitive input 
requests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes the 
current instruction that is being executed before it recog- 
nizes the request. At that time, if the interrupt mask bit 
in the Condition Code Register is not set, the machine will 
begin an interrupt sequence. The Index Register, Program 
Counter, Accumulators, and Condition Code Register are 
stored away on the stack. Next the MPU will respond to 
the interrupt request by setting the interrupt mask bit high 
so that no further interrupts may occur. At the end of the 
cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations 
FFF8 and FFF9. An address loaded at these locations 

causes^ the MPU to branch to an interrupt routine 

in memory. 

The Halt line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while 
Halt is low. 

The IRQ has a high impedance pullup device internal 
to the chip; however a 3 kfi external resistor to Vec 

should be used for wire-OR and optimum control 

of interrupts. 

Reset — This input is used to reset and start the MPU 
from a power down condition, resulting from a power 
failure or an initial start-up of the processor. If a high level 
is detected on the input, this will signal the MPU to be- 
gin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. 
All the higher order address lines will be forced high. For 
the restart, the last two (FFFE, FFFF) locations in 
memory will bo used to load the program that is addressed 
by the program counter. During the restart routine, the 
interrupt mask hit is set and must be reset before the MPU 
can be interrupted by IRQ. 
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Figure 9 shows the initiali/.ntion of the microprocessor 
after restart. Reset must he held low (or at least eight 
clock periods after VccTcachcs 4.75 volts. If Reset goes 
high prior to the leading edge of 02, on the next 01 
the first restart memory vector address (FFFE) will 
appear on the address lines. This location should contain 
the higher order eight bits to be stored into the program 
counter. Following, the next address FFFF should contain 
the lower order eight bits to be stored into the pro- 
gram counter. 

Non-Maskable Interrupt (NMI) — A low-going edge on 
this input requests that a non-mask-interrupt sequence be 
generated within the processor. As with the Interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recogniz'es the 
NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on NMI. 


The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored away on the 
stack. At the end of the cycle, a IG-bit address will be 
loaded that points to a vectoring address which is located 
in memory' locations FFFC and FFFD. An address loaded 
at these locations causes the MPU to branch to a non- 
maskable interrupt routine in memory. 

NMI has a high impedance pullup resistor internal to 
the chip; however a 3 kS2 external resistor to Vcc should 
be used for wirc-OR and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that 
are sanipled during 02 and will start the interrupt 
routine on the 01 following the completion of an 
instruction. 

Figui^e 10 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 
1 gives the memory map for interrupt vectors. 


4.75 V 



FIGURE 9 - INITIALIZATION OF MPU AFTER RESTART 
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TABLE 1 - MEMORY MAP FOR INTERRUPT VECTORS 


Vector 

MS LS 

Description 

FFFE FFFF 

Restart 

FFFC FFFO 

Non-inaskoblu Interrupt 

FFFA FFFO 

Software iniorrupt 

FFFO FFFO 

Interrupt Request 
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FIGURE 10 - MPU FLOW CHART 



MPU REGISTERS 


The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 11). 

Program Counter — The program counter is a two byte 
(16-bits) register that points to the current program 
address. 

Stack Pointer — The stack pointer is a two byte register 
that contains the address of the next available location 
in an external push-down/pop-u() stack. This stack is 
noimally a random access Read/Write memory that may 


have any location (address) that is convenient. In those 
applications that require storage of information in the 
stack when power is lost, the stack must be non-volatile. 

Index Register — The index register is a two byte register 
that is used to store data or a sixteen bit memory address 
for the Indexed mode of memory addressing. 

Accumulators — The MPU contains two 8-bit accumu- 
lators that are used to hold o|)erands and results from an 
arithmetic logic unit (ALU). 
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FIGURE 11 - PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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FIGURE 12 - SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 


SP = Stack Pointer 

CC = Condition Codes (Also called the Processor Status Byte) 
ACCB = Accumulator B 
ACCA = Accumulator A 

IXH = Index Register, Higher Order 8 Bits 
IXL *= Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 
PCL - Program Counter, Lower Order 8 Bits 
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Condition Code fJcgislor — The condition code register 
indiciites tlii! results of an Aritlurmti'c Logic Unit operation: 
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 
(C), and half carry from hit 3 (H). These bits of the 
Condition Code Register are used as testable conditions 
(or tite conditional branch instructions. Git 4 is the 
interrupt mask bit (I). The unused bits of the Condition 
Code Register (bG and b7) are ones. 

Figure 12 shows the order of saving the microprocessor 
status within the stack. 

MPU INSTRUCTION SET 

The MC6800 has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions (Tables 2 
thru 6). 

MPU ADDRESSING MODES 

The MC6800 eight-bit microprocessing unit has seven 
address modes that can be used by a programmer, with the 
addressing mode a function of both the type of instruction 
and the coding within the instruction. A summary of the 
addressing modes for a particular instruction can be found 
in Table 7 along with the associated instruction execution 
time that is given in machine cycles. With a clock fre- 
quency of 1 MHz, these times would be microseconds. 

Accumulator (ACCX) Addressing — In accumulator 
only addressing, either.accumulator A or accumulator B is 
specified. These are one-byte instructions. 

Immediate Addressing - In immediate addressing, the 
operand is contained in the second byte of the instruction 
except LDSand LDX which have the operand in the second 
and third bytes of the instruction. The MPU addresses 


tfiis location when it fetches the immediate instruction 
for execution. These are two or three-byte instructions. 

Direct Addressing - In direct addressing, the address of 
the operand is cotitained in tlic second fryte of the 
instruction. Direct addressing allows the user to directly 
address tlic lowest 25G bytes in the machine i.c., locations 
zero through 255. Enhanced execution times arc acliieved 
by storing data in these locations. In most configurations, 
it should be a random access memory. These are two-byte 
instructions. 

Extended Addressing — In extended addressing, the 
address contained in the second byte of the instruction is 
used as the higher eight-bits of the address of the operand. 
The third byte of the instruction is used as the lower 
eight-bits of the address for the operand. This is an abso- 
lute address in memory. These are three-byte instructions. 

Indexed Addressing — In indexed addressing, the address 
contained in the second byte of the instruction is added 
to the index register's lowest eight bits in the MPU. The 
carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 
The modified address is held in a temporary address regis- 
ter so there is no change to the index register. These are 
two-byte instructions. 

Implied Addressing — In the implied addressing mode 
the instruction gives the address (i.e., stack pointer, index 
register, etc.). These are one-byte instructions. 

Relative Addressing — In relative addressing, the address 
contained in the second byte of the instruction is added 
to the program counter's lowest eight bits plus two. The 
carry or borrow is then added to the high eight bits. This 
allows the user to address data within a range of -125 to 
-H29 bytes of the present instruction. These are two- 
byte instructions. 


TABLE 2 - MICROPROCESSOR INSTRUCTION SET - ALPHABETIC SEQUENCE 


ABA Add Accumulators 

ADC Add with Carry 

ADD Add 

AND Logical And 

ASL Arithmetic Shift Left 

ASR Arithmetic Shift Right 

BCC Branch if Carry Clear 

BCS Branch if Carry Set 

BEO Branch if Equal to Zero 

BGE Branch if Greater or Equal Zero 

BGT Branch if Greater than Zero 

BHI Branch if Higher 

BIT Bit Test 

BLE . Branch if Less or Equal 

BLS Branch if Lower or Same 

BLT Branch if Loss than Zero 

BMI Branch if Minus 

BNE Branch if Not Equal to Zero 

BPL Branch if Plus 

BRA Branch Always 

BSR Branch to Subroutine 

Bve Branch il Overtlow Clear 

BVS Branch il Overtlow Set 

CBA Compare Accumulators 

CLC Clear Carry 

CLI Clear Interrupt Mask 


CLR 

Clear 

PUL 

Pull Data 

CLV 

Clear Overflow 

ROL 

Rotate Lett 

CMP 

Compare 

ROR 

Rotate Right 

COM 

Complement 

RTI 

Return from Interrupt 

CPX 

Compare Index Register 

RTS 

Return from Subroutine 

DAA 

Decimal Adjust 

SBA 

Subtract Accumulators 

DEC 

Decrement 

SBC 

Subtract with Carry 

DES 

Decrement Stack Pointer 

SEC 

Set Carry 

Set Interrupt Mask 

DEX 

Decrement Index Register 

SEI 

EOR 

Exclusive OR 

SEV 

Set Overflow 

INC 

Increment 

STA 

STS 

Store Accumulator 
Store Stack Register 

INS 

Increment Stack Pointer 

STX 

Store Index Register 

INX 

Increment Index Register 

SUB 

Subtract 

JMP 

Jump 

SWI 

Software Interrupt 

JSR 

Jump to Subroutine 

TAB 

Transfer Accumulators 

LDA 

Load Accumulator 

TAP 

Transfer Accumulators to Condition Code Reg. 

LOS 

Load Slack Pointer 

TBA 

Transfer Accumulators 

LDX 

Load Index Register 

TPA 

Transfer Condition Code Reg. to Accumulator 

LSR 

Logical Shift Right 

TST 

Tost 

NEG 

Negate 

TSX 

TXS 

Transfer Slack Pointer to Index Register 
Transfer Index Register to Slack Pointer 

NOP 

No Operation 

ORA 

PSH 

Inclusive OR Accumulator 
Push Data 

WAI 

Wail lor Interrupt 
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TABLE 4 - INDEX REGISTEH AND STACK MANIPULATION INSTRUCTIONS 


CONO. CODE REG. 


POiNTCn OPERATIONS 

MNEMONIC 

IMMED 

DIRECT 

. INDEX 

EXTNO 

IMPLIED 

BOOLEAN/ARITMMETIC OPERATION 

s 

H 

4 

1 

3 

N 

2 

ri' 

0 

OP 



OP 

-- 

.••• 

OP 

-- 


m 


" 

OP 

' 


2 

V 

c 

1 

Compare Index Reg 

CPX 

sc 

3 

3 

9C 

4 

2 

AC 

G 

B 

BH 

5 

3 




Xh - M. Xl - (M < 11' 



© 

n 


• 

Occiement Index Reg 

OEX 













09 

4 

1 

X - 1 - X 

• 


• 

y 

H 


Uecreincnl Stack Pnlr 

OES 













34 

4 

\ 

SP - 1 •• SP 



• 

H 

H 


Increment Index Reg 

INX 













08 

4 

1 

X ♦ 1 -• X 

• 


• 

y 

H 


Increment Stack Pnir 

INS 













31 

4 

I 

SP t I -SP 

• 


• 

B 

H 


Load Index Reg 

LOX 

CE 

3 

3 

El 

4 

2 

EE 

6 

2 

EE 

s 

3 




m -Xh,(m • 1) -Xl 

• 


® 

y 



Load Slack Pntr 

LOS 

8E 

3 

B 

El 

4 

2 

AE 

6 

2 

BE 

S 

3 




M-SPn. (.M * 1) -spl 

• 


@ 

y 



Store Index Reg 

STX 



1 

El 

5 

2 

E.F 

.7 

2 

FF 

$ 

3 




Xh-M, Xl "1M ♦ 1) 

• 



y 



Store Stack Pntr 

STS 



B 

9F 

5 

2 

Af 

□ 

2 

BF 

6 

3 




SPh "M. SPl *IM * 1) 

• 



y 



Indx Reg "Slack Pntr 

TXS 



B 





■ 





35 

4 

1 

X - 1 - SP 

• 


• 

B 

D 


Stack Pnlr •• Indx Reg 

TSX 



B 





■ 





30 

4 

1 

SP ♦ 1 -* X 


• 

Ll 

• 

y 

D 



TABLE 5 - JUMP AND BRANCH INSTRUCTIONS 


COND. CODE REG. 


OPERATIONS 

MNEMONIC 

RELATIVE 

INDEX 

EXTNO 

IMPLIED 

BRANCH TEST 

T 

Ll 

T 

2 

1 

0 

OP 


= 

OP 


= 

OP 



OP 

~ 

= 

H 1 1 

N 

Z 

V 

c 

Branch Always 

BRA 

20 

4 

2 










None 





• 

• 

Branch If Carry Clear 

BCC 

24 

4 

2 










c-o 






• 

Branch II Carry Set 

6CS 

25 

4 

2 










C' 1 






• 

Branch II = Zero 

BEQ 

27 

4 

2 










Z= 1 






• 

Branch if > Zero 

BGE 

2C 

4 

2 










N® V = 0 






• 

Branch If >Zero 

BGT 

2E 

4 

2 










Z + IN ® V)- 0 






• 

Branch If Higher 

BHI 

22 

4 

2 










C + Z = 0 






• 

Branch If < Zero 

BLE 

2F 

4 

2 










Z ♦ (N ® V) = 1 






• 

Branch If Lower Or Same 

BLS 

23 

4 

2 










C + Z= 1 






• 

Branch If <Zero 

BLT 

20 

4 

2 










N®V = 1 






• 

Branch If Minus 

BMt 

28 

4 

2 










N= 1 


1 




• 

Branch If Not Equal Zero 

6NE 

26 

4 

2 










Z = 0 


1 

1 

1 



• 

Branch If Overflow Clear 

BVC 

28 

4 

2 










v = o 


1 

1 

1 

1 



• 

Branch If Overflow Set 

BVS 

29 

4 

2 










V* I 


1 

1 

1 

1 



• 

Branch If Plus 

BPL 

2A 

4 

2 










N = 0 


1 

1 

1 

1 



• 

. Branch To Subroutine 

BSR 

80 

8 

2 










\ 


1 

1 

1 



• 

Jump 

JMP 




GE 

4 

2 

7E 

3 

3 




> See Special Operations 



1 


• 

• 

Jump To Subroutine 

JSR 




AD 

8 

2 

BO 

9 

3 




/ 





• 


No Operation 

NOP 










Ol 

2 

I 

Advances f^og. Cntr. Only 





• 


Return From Interrupt 

RTI 










38 

to 





Return From Subroutine 

RTS 










39 

5 

1 

) 

• 

• 

• 

• 

• 

• 

Software Interrupt 

SWI 










3F 

12 

1 

> See Special Operations 

• 

• 

• 

• 

• 

• 

Wail lor Interrupt * 

WAI 











3E 

9 


) 

• 


• 

• 

• 

• 


'VVAI ljuls Addiess Bui, H AV. jnd Udia Bui in Mie llirve iiale mode vdide VMA li held low. 
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SPF.CIAL OPCRATIONS 
JSn. JUMP TO SUIlMOUTtNG: 
PC Main Pio(|ram 


EXTNO 


Stack 


*K * 8-Bit UnsKjnod Value 
Main Pioqram 


|n4 21 If ami In « ?I Fonn n ♦ 2 
Slack 


E£ _ SuliTOtitinr 



1 " 

AO JSH 

- SP-i 


INX * K 

hi Suhr. Instr. 

INDXO 

n«l 

K -• 

C=C> sp-i 

III 1 71 M 




n ♦ 2 

Nrxl Mam Invir. 

SP 

III! 21 1 




E£ 


Suhrnuttne 


n 

BU - JSM 


- SP -2 


S 

ht Subr. Instr. 

n ♦ 1 

SH ' SuIm. Arlili. 

1 — ^ 

SP-t 

Ill 1 31 H 



n ♦ 2 

St = Suijr. Adtir, 


SP 

In I 3 U 


n ♦ 3 

Next Mam Insir. 


-» * Slack Pointer Alter Execution. 




BSR. BRANCH TO SUBROUTINE: 
Main Program 


s? 


Stack 


*K - 7 -Bit Signed Value; 


n * 2 Formed From !i^ ♦ 21 and In < 2 l ^ 


Subroutine 


n 

80 = BSR 


^ SP -2 


n*2l K 

1 st Subr. Instr. 

n ♦ 1 

1 K = onset* 

t=I> 

SP -1 

111 ♦ 21 H 



n+ 2 

Next Main Instr. 


SP 

lo* 2 l L 




JMP. JUMP: 


INDXO 


PC Main Program 


I X K 1 Next Instruction 


RTS. RETURN FROM SUBROUTINE: 
PC Subroutine 
S 


39 * RTS 


RTl. RETURN FROM INTERRUPT: 
Interrupt Program 


E£ 

S 


3 B= RTl 




■=> 



SP 


SP 


SPt 1 


SP + 2 


S£ 


SP 

SP 

+ 1 

SP 

♦ 2 

SP 

♦ 3 

SP 

44 

SP 

*5 

SP 

♦ 6 

-► SP 

♦ 7 


Stack 


Stack 


Condition Code 


Acmitr 6 


Acmiir A 


Index Register IXh) 


Index Register (Xf,) 

Nr 

Nl 


p0 Main Program 


0 

6E = JMP 


n 

7 E = JMP 

n + 1 

K = onset 


i>+ 1 

Kh = Next Address 


- - - * 

EXTENDED . 

H 42 

Kl * Next Address 


PC 


Next Instruction 


PC Main Program 


Next Main Instr. 


Main Program 


Nekt Main Insir. 


TABLE 6 - CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 


COND. CODE REG. 


OPERATIONS 

MNEMONIC 

IMPtlED 

BOOLEAN OPEOATION 

h 

4 

3 

2 

1 

0 

OP 



H 

1 

N 

2 

V 

c 

Clear Carry 

CLC 

DC 

2 

1 

0 -C 

• 

• 



• 

R 

Clear Interrupt Mask 

CLI 

OE 

2 

1 

0-1 

• 

B 

• 

• 

• 

• 

Dear Overflow 

CLV 

OA 

2 

1 

0 -V 

• 

• 

• 

• 

R 

• 

Set Carry 

SEC 

00 

7 

1 

1 -C 

• 

• 

• 

• 

• 

s 

Set hiit'iiupt Mask 

SEI 

OF 

2 

1 

1 -1 

• 

S 

• 

• 

• 

• 

Set Overflow 

SEV 

OB 

2 

1 

1 -V 

• 

• 

• 

• 

s 

• 

Acmili A *CCR 

TAP 

06 

2 

1 

A -CCR 




— 

CCR • * Acmlii A 

TPA 

0 / 

2 

1 

CCR - A 

•1 • 



JL 

• 


CONDITION CODE REGISTER N 01 CS: lllit vet it test iv line and cluareil ulheiwivu) 


1 

lll.l VI 

lest Result loununou'^ 

1 

IBil Nl 

Test: Sign bit ul must sigmIiLjnl (MS) hyle P 

? 

(Uil Cl 

IfSl Resiilj - oouunuuo? 

8 

IDil VI 

Test: 2*S r.niniileineiu uverlluw from siililiacliun ul MS liyles^ 

3 

lU.t Cl 

Irst Oeiiiiul vjlin* ul iiiosl smjmiIii jmI BCD Cliarafter greater tliatt nine? 

9 

(Bit Nl 

Test. Resiiil less Ihaiwein? Util IS 1 ) 



INnt itejicd it |iri'viuii'.lv sirl ) 

10 

(Alll . 

Iliad (amdilinn Code Hegisler liotn Stji.k (See S|M*i.ial Oiieijinms) 

4 

(Oil VI 

lest Opriaiid MKKIOOUU (iMoi In exetiilmn'’ 

II 

IBil II 

Set wtuiii inteiiii(it m iurs II (itevimr.lv set. a Nun M.iskdtile 

S 

lll.l VI 

lest U|M-iaiid 01 11 1 1 1 1 |Jtiiii Ineieriilion? 



InlPiriipt IS reguiird to e«it the wail state. 

6 

. Hill VI 

lest. Set ei|iul tu resutl nl N(i)C alter ^IhIi has omirted. 

12 

lAIH 

Set according lu the iontenls of Acittniulalni A. 
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TAOLE 7 - INSTRUCTION ADOMESSING MODES AND ASSOCIATED EXECUTION TIMES 

(Timot inMachinoCyclot) 


«■ 



o 

« 

3 

o 

ACCX 

.5 

V 

« 

E 

6 

Direct 

rj 

i 

c 

m 

n 

UJ 

TJ 

• 

M 

« 

1 

TJ 

• 

a 

e 

• 

_> 

5 

£C 


• 

s 

3 

o 

ACCX 

.5 

V 

1 

E 

C 

• 

o 

■g 

T3 

C 

M 

Ui 

g 

tt 

• 

T> 

C 

1 

a 

E 

AGA 


• 

• 

• 

• 

• 

2 

• 

INC 


2 

• 

• 

6 

7 

• 

ADC 

X 

• 

2 

3 

4 

5 

• 

• 

INS 


• 

• 

• 

• 

• 

4 

ADD 

X 

• 

2 

3 

4 

& 

• 

• 

INX 


• 

• 

• 

• 

• 

4 

AND 

X 

• 

2 

3 

4 

5 

• 

• 

JMP 


• 

• 

• 

3 

4 

• 

ASL 


2 

• 

• 

6 

7 

• 

• 

JSR 


# 

• 

• 

9 

6 

• 

ASR 


2 

• 

• 

6 

7 

• 

• 

LOA 

X 

• 

2 

3 

4 

S 

• 

BCC 


• 

• 

• 

• 

• 

• 

4 

IDS 


• 

3 

4 

5 

6 

• 

DCS 


• 

• 

• 

• 

• 

• 

4 

LDX 


• 

3 

4 

5 

6 

• 

BEA 


• 

• 

• 

• 


• 

4 

LSR 


2 

• 

• 

6 

7 

• 

BGE 


• 

• 

• 

• 

• 

• 

4 

NEC 


2 

• 

• 

6 

7 

• 

BGT 


• 

• 

• 

• 

• 

• 

4 

NOP 


• 

• 

• 

• 

• 

2 

BHI 


• 

• 

• 

• 

» 

• 

4 

ORA 

X 

• 

2 

3 

4 

S 

• 

BIT 

X 

• 

2 

a 

4 

5 

• 

• 

PSH 


• 

• 

• 

• 

• 

4 

BLE 


• 

• 

• 

• 

• 

• 

4 

PUL 


• 

• 

• 

• 

• 

4 

BLS 


• 

• 

• 

• 

• 

• 

4 

ROL 


2 

• 

• 

6 

7 

• 

BLT 


• 

• 

• 

• 

• 

• 

4 

ROR 


2 

• 

• 

6 

7 

• 

BMI 


• 

• 

• 

• 

• 

• 

4 

RTI 


• 

• 

• 

• 

• 

10 

BNE 


• 

• 

• 

• 

• 

• 

4 

RTS 


• 

• 

• 

• 

• 

5 

BPL 


• 

• 

• 

• 

• 

• 

4 

SBA 


• 

• 

• 

• 

• 

2 

BRA 



• 

• 

• 

• 

• 

4 

SBC 

X 

• 

2 

3 

4 

5 

• 

BSR 


• 

• 

• 

• 

• 

• 

8 

SEC 


• 

• 

• 

• 

• 

2 

BVC 


• 

• 

• 

• 

• 

• 

4 

S£l 


• 

• 

• 

• 

• 

2 

BVS 


• 

• 

• 

• 

• 

• 

4 

SEV 


• 

• 

• 

• 

• 

2 

CBA 


• 

• 

« 

• 

• 

2 

• 

STA 

X 

• 

• 

4 

S 

6 

• 

CLC 


• 

• 

• 

• 

• 

2 

• 

STS 


• 

• 

5 

6 

7 

• 

CLI 


• 

• 

• 

• 

• 

2 

• 

SIX 


• 

• 

5 

6 

7 

• 

CLR 


2 

• 

• 

6 

7 

• 

• 

SUB 

X 

• 

2 

3 

4 

5 

• 

CLV 


• 

• 

• 

• 

• 

2 

• 

SWl 


• 

• 

• 

• 

• 

12 

CMP 

X 

• 

2 

3 

4 

5 

• 

• 

TAB 


• 

• 

• 


• 

2 

COM 


2 

• 

• 

6 

7 

• 

• 

TAP 


• 

• 

• 

e 

• 

2 

CPX 


• 

3 

4 

5 

6 

• 

• 

TBA 


• 

• 

» 

• 

• 

2 

DAA 


• 

« 

• ^ 

• 

• 

2 

• 

TPA 


• 

• 

• 


• 

2 

DEC 


2 

• 

• 

6 

7 

• 

• 

TST 


2 

• 

• 

6 

7 

• 

OES 


• 

• 

• 

• 

• 

4 

• 

TSX 


• 

• 

» 

• 

• ' 

4 

DEX 


• 

• 

• 

• 

• 

4 

• 

TSX 


• 

• 

• 

• 

• 

4 

EOR 

X 

• 

2 

3 

4 

5 

• 

• 

WAI 


• 

• 

» 

• 

0 

9 

NOTE: 

Interrupt time Is 1 2 

cycles from 

the end of 










the instruction being executed, except following 
a WAI Instruction. Then it is 4 cycles. 


PIN ASSIGNMENT 


O 


Vss 

Reset 

Halt 

TSC 

01 

N.C. 

fRQ 

02 

VMA 

QBE 

NMI 

N.C. 

BA 

R/W 

Vcc 

DO 

AO 

D1 

A1 

02 

A2 

03 

A3 

04 

A4 

05 

Ab 

D6 

A6 

07 

A7 

A15 

AS 

A14 

A9 

A 13 

aid 

A12 

A1 1 

Vssj: 






i 



-.^Trirrrr.., 

-i n I M i 1 i 1 M : I !/ 

SEATING PLANE^-^ [_ 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

50.29 

51.31 

1.980 

2.020 

B 

14,80 

15.02 

0.585 

0.615 

C 

2,54 

4.19 

0.100 

0.105 

0 

0.38 

0.53 

0.015 

0.021 

F 

0.70 

1.40 

U.030 

0.055 

G 

2 54 BSC 

0.100 use 

II 

0.70 

1.78 

0.030 

0.070 

J 

0.20 

0.33 

U.llOU 

0.013 

K 

2.54 

4.19 

0.100 

0.165 

L 

14.00 

15.37 

0.575 

0.005 

M 

- 

J0“ 

- 

lO® 

N 

0.51 

1.5? 

0.020 
'-T— T—i 

0.000 


PACKAGE DIMENSIONS 
CASE 715-02 
(CERAMIC) 

See Page 165 for 

Plastic Package dimensions. 







NOTE: 

I. LEADS. TRUE POSITIONED WITHIN 
0.25 inm (0.010) OIA (AT SEATING 
PLANE), AT MAX. MAT! 
CONDITION. 
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SUMMARY OF CYCLE BY CYCLE OPERATION 


Tabic 8 provides a detailed description of the informa- 
tion present on the Address Bus, Data Bus, Valid Memory 
Address line (VMA), and the ReadAA/rite lino (RAV) dur- 
ing each cycle for each instruction. 

This information is useful in comparing actual with ex- 
pected results during debug of both software and hard- 


ware as the control program is executed. The information 
is categorized in groups according to Addressing Mode and 
Number of Cycles per instruction. (In general, instructions 
with the same Addressing Mode and Number of Cycles 
execute in the same manner; exceptions are indicated in 
the table.) 


TABLE 8 - OPERATION SUMMARY 


Address Mode 


Cycle 

VMA 


R/W 


and Instructions 

Cycles 


Line 

Address Bus' 

Line 

Data Bus 


IMMEDIATE 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

2 

1 

2 

1 

1 

Op Code Address 
Op Code Address -r 1 

1 

1 

Op Code 
Operand Data 

CPX 


1 

1 

Op Code Address 

1 

Op Code 

LDS 

LDX 

3 

2 

1 

Op Code Address + 1 

1 

Operand Data (High Order Byte) 



3 

1 

Op Code Address -r 2 

1 

Operand Data (Low Order Bytel 


DIRECT 


ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

3 

1 

1 

1 

1 

Op Code Address 
Op Code Address -i- 1 
Address of Operand 

1 

1 

1 

Op Code 

Address of Operand 
Operand Data 

CPX 

■mu 

1 

1 

Op Code Address 

1 

Op Code 

LDS 

LDX 


2 

1 

Op Code Address -r 1 

1 

Address of Operand 


HjH 

3 

1 

Address of Operand 

1 

Operand Data (High Order Byte) 


nil 

4 

1 

Operand Address -i- 1 

1 

Operand Data (Low Order Byte) 

STA 

umii 

1 

1 

Op Code Address 

1 

Op Code 



2 

1 

Op Code Address -i- 1 

1 

Destination Address 


HjH 

3 

0 

Destination Address 

1 

Irrelevant Data (Note 1) 


in 

4 

1 

Destination Address 

0 

Data from Accumulator 

STS 


1 

1 

Op Code Address 

1 

Op Code 

STX 



1 

Op Code Address + 1 

1 

Address of Operand 


5 


0 

Address of Operand 

1 

Irrelevant Data (Note 1 ) 



mm 

1 

Address of Operand 

■1 

Register Data (High Order Byte) 



D 

1 

Address of Operand + 1 

D 

Register Data (Low Order Byte) 


INDEXED 


JMP 



miH 


1 

Op Code Address 


Op Code 






1 

Op Code Address + 1 


Offset 





B 

0 

Index Register 

1 

Irrelevant Data (Note 1) 




m 

B 

0 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant Data (Note 1) 

ADC 

EOR 



1 

1 

Op Code Address 

1 

Op Code 

ADD 

AND 

LDA 

ORA 



B 

1 

Op Code Address + 1 

1 

Offset 

BIT 

SBC 


5 

B 

0 

Index Register 

1 

Irrelevant Data (Note 1) 

CMP 

SUB 




0 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant Data (Note 1) 





B 

1 

Index Register Plus Ollset 

1 

Operand Data 

CPX 




1 

1 

Op Code Address 

1 

Op Code 

LDS 

LDX 




B 

1 

Op Code Address + 1 

1 

Offset 



c 

B 

0 

Index Register 

1 

Irrelevant Data (Note 1) 





B 

0 

Index Register Plus Ollsul (w/o Carry) 

1 

Irrelevant Data (Note 1) 






1 

Index Register Plus Ollset 

f 

Operand Data (High Ortler Byte) 





B 

1 

Index flcyisior PlusOMscl ^ 1 


Operand Data (Low Order Byte) 
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TABLE B 

- OPERATIdN SUMMAliy (Conlinuudl 



AdHfRss Mo<lo 
ond Instructions 

Cycles 

Qycio 

u 

VMA 

Lino 

Adciross Uui 

nrn 

Lino 

Dota Bus 

INDEXED (Contii.irol) 









STA 



1 

1 

Op Code Address 

1 

Op Codo 




2 

1 

Op Codo Addfojj + 1 

1 

Offset 



6 

3 

B 

Index Register 

1 

Irrelevant Goto (Note 1) 





B 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant (Data (Note 1) 





0 

Index Register Plus Offset 

1 

Irrcicvont Dota (Note 1) 





1 

Index Renister Plus Offset 

0 

operand Data 

ASL 

LSR 

■■III 

1 

1 

Op Codo Address 

1 

Op Code 

ASR 

CLR 

NEC 

ROL 



1 

Op Code Address + 1 

1 

Offset 

COM 

ROR 



0 

Index Register 

1 

Irrelevant Data (Note 1) 

DEC 

INC 

TST 



0 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant Data (Note 1) 



H 

1 

Index Register Plus Offset 

1 

Current Operand Data 




H 

0 

Index^Registcr Plus Offset 

1 

Irrelevant Data (Note 1) 




■ 

1/0 

(Note 

3) 

Index Register Plus Offset 

0 

New Operand Data (Note 3) 

STS 


mm 

1 

1 

Op Code Address 

1 

Op Code 

STX 



B 

1 

Op Code Address + 1 

1 

Offset 





0 

Index Register 

1 

Irrelevant Data (Note 1) 




H 

0 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant Data (Note 1) 





0 

Index Register Plus Offset 

1 

Irrelevant Data (Note 1) 




H 

1 

Index Register Plus Offset 

0 

Operand Data (High Order Byte) 




B 

1 

Index Register Plus Offset + 1 

0 

Operand Data (Low Order Byte) 

JSR 



1 

1 

Op Code Address ' 

1 

Op Code 





1 

Op Code Address + 1 

1 

Offset 





0 

Index Register 

1 

Irrelevant Data (Note 1) 



8 


1 

Stack Pointer 

0 

Return Address (Low Order Byte) 




1 

Stack Pointer — 1 

0 

Return Address (High Order Byte) 





0 

Stack Pointer — 2 

1 

Irrelevant Data (Note 1) 





0 

Index Register 

1 

Irrelevant Data (Note 1) 




8 

0 

Index Register Plus Offset (w/o Carry) 

1 

Irrelevant Data (Note 1) 


EXTENDED 


JMP 



1 

1 

Op Code Address 

1 

Op Code 



3 

2 

1 

Op Code Address + 1 

1 

Jump Address (High Order Byte) 




3 

1 

Op Code Address + 2 

1 

Jump Address (Low Order Byte) 

ADC 

EOR 


1 

1 

Op Code Address 


Op Code 

ADD 

AND 

LDA 

ORA 


B 

1 

Op Code Address + 1 


Address of Operand (High Order Byte) 

BIT 

SBC 


B 

1 

Op Code Address + 2 


Address of Operand (Low Order Byte) 

CMP 

SUB 


B 

1 

Address of Operand 

1 

Operand Data 

CPX 



1 

1 

Op Codo Address 

1 

Op Code 

LDS 

LDX 




1 

Op Code Address + 1 


Address of Operand (High Order Byte) 


5 


1 

Op Code Address + 2 

1 

Address of Operand (Low Order Byte) 





1 

Address of Operand 

1 

Operand Data (High Order Byte) 




5 

1 

Address of Operand + 1 

1 

Operand Data (Low Order Byte) 

STA A 


1 

1 

Op Code Address 

1 

Op Code 

ST A B 




Op Code Address + 1 

1 

Destination Address (High Order Byte) 



5 


1 

Op Code Address + 2 

1 

Destination Address (Low Order Byte) 





0 

Operand Destination Address 

1 

Irrelevant Data (Note 1) 





1 

Operand Dcstinaiion Address 

0 

Gala from Accumoloior 

ASL 

LSR 


1 

1 

Op Code Address 

1 

Op Code 

ASR 

CLR 

NEG 

ROL 



1 

Op Code Address + 1 

1 

Address of Operand (High Order Byte) 

COM 

ROR 



1 

Op Code Address + 2 

1 

Address of 0|)erand (Low Order Byte) 

DEC 

INC 

TST 

6 


1 

Address of Operand 

1 

Current Operand Data 



5 

0 

Address of Operand 

1 

Irrelevant Data (Note 1) 




C 

1/0 

Arldress of 0|>erand 

B 

New Operand Data (Note 3) 





(Note 

3) 


■1 
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TABLE 8 - OPEBATION SUMMABY (Continuuil) 


Address Mode 

Hg 

Cycle 

VMA 


R/W 


end Instructions 


n 

Lino 

Address Out 

L ino 

Data Bus 


EXTENDED (Contimicill 


STS 

STX 

6 

1 

1 

1 

1 

0 

1 

1 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 

1 

1 

1 

1 

0 

0 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

JSR 


1 


Op Code Address 

1 

Op Code 




1 

Op Code Address + 1 

1 

Address of Subroutine (High Order Byte) 




1 

Op Code Address + 2 

1 

Address of Subroutine (Low Order Byte) 




1 

Subroutinb Starting Address 

1 

Op Code of Next Instruction 


9 


1 

Stack Pointer 

■1 

Return Address (Low Order Byte) 




1 

Stack Pointer — 1 

mm 

Return Address (High Order Byte) 




0 

Stack Pointer — 2 

1 

Irrelevant Data (Note 1 ) 



8 

0 

Op Code Address + 2 

1 

Irrelevant Data (Note 1 ) 



9 

1 

Op Code Address + 2 

1 

Address of Subroutine (Low Order Byte) 


INHERENT 


ABA 

ASL 

ASR 

CBA 

CLC 

CLI 

CLR 

CLV 

COM 

DAA 

DEC 

INC 

LSR 

NEC 

NOP 

ROL 

ROR 

SBA 

SEC 

SEI 

SEV 

TAB 

TAP 

TBA 

TPA 

TST 

2 

1 

2 

■ 

1 

1 

Op Code Address 
Op Code Address + 1 

1 

1 

Op Code 

Op Code of Next Instruction 

DBS 




1 

1 

Op Code Address 

1 

Op Code 

OEX 

IN?: 




B 

1 

Op Code Address +' 1 


Op Code of Next Instruction 

INX 




Wm 

0 

Previous Register Contents 

1 

Irrelevant Data (Note 1) 





B 

0 

New Register Contents 

1 

Irrelevant Data (Note 1) 

PSH 




1 

1 

Op Code Address 

1 

Op Code 





2 

1 

Op Code Address + 1 


Op Code of Next Instruction 





3 

1 

Stack Pointer , 

0 

Accumulator Data 





4 

0 

Stack Pointer — 1 

1 

Accumulator Data 

PUL 




1 

1 

Op Code Address 

1 

Op Code 





2 

1 

Op Code Address + 1 

1 

Op Code of Next Instruction 





3 

0 

Stack Pointer 

1 

Irrelevant Data (Note 1) 





4 

1 

Stack Pointer + 1 

1 

Operand Data from Stack 

TSX 




1 

1 

Op Code Address 

1 

Op Code 





B 

1 

Op Code Address + 1 


Op Code of Next Instruction 






mm 

Stack Pointer 


Irrelevant Data (Note 1) 





H 

H 

New Index Register 

1 

Irrelevant Data (Note 1) 

TXS 




1 

1 

Op Code Address 


Op Code 





B 

1 

Op Code Address + 1 

1 

Op Code of Next Instruction 






0 

Index Register 

1 

Irrelevant Data 





B 

0 

New Stack Pointer 

1 

Irrelevant Data 

RTS 




1 

1 

op Code Address 

1 

Op Code 






1 

Op Code Address + 1 

1 

Irrelevant Data (Note 2) 




5 


0 

Stack Pointer 

1 

Irrelevant Data (Note 1) 






1 

Stack Pointer + 1 

1 

Address of Next Instruction (High 









Order Byte) 





5 

1 

Stack Pointer + 2 

1 

Address of Next Instruction (Low 









Order Byte) 
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TAtJLE B - OPERATION SUMMARY (Contiiiuo«l) 


Address Modo 
nnd Instructions 

Cycles 

Cycle 

ti 

VMA 

Lino 

Addross Ous 

n/w 

Line 

Data Out 

INHERENT (Continued) 

WAI 


1 

1 

Op Code Addross 


Op Code 





Op Code Address 1 

■ 

Op Code ol Next Instruction 





Stack Pointer 

B 

Return Address (Low Order Byte) 





Slack Pointer — 1 

B 

Return Address (High Order Byte) 


9 

5 


Slack Pointer — 2 

B 

Index Register (Low Order Byte) 



G 


Stack Pointer — 3 

B 

Index Register (High Order Byte) 



7 


Stack Pointer — 4 

B 

Contents of Accumulator A 



8 

1 

Stack Pointer — 5 

B 

Contents of Accumulator B 



9 


Stack Pointer — 6 (Note 4) 

1 

Contents of Cond. Code Register 

RTI 


1 

1 

Op Code Address 

1 

Op Code 




1 

Op Code Address 1 

1 

Irrelevant Data (Note 2) 




0 

Stack Pointer 

1 

Irrelevant Data (Note 1) 




1 

Stack Pointer -t- 1 

1 

Contents of Cond. Code Register from 
Stack 


10 


1 

Stack Pointer 2 

1 

Contents of Accumulator B from Stack 




1 

Stack Pointer 3 

1 

Contents of Accumulator A from Stack 




1 

Stack Pointer * 4 

1 

Index Register from Stack (High Order 
Byte) 



8 

1 

Stack Pointer -i- 5 

1 

Index Register from Stack (Low Order 
Byte) 



9 

1 

Stack Pointer -i- 6 

1 

Next Instruction Address from Stack 
(High Order Byte) 



10 

1 

Stack Pointer 7 

1 

Next Instruction Address from Stack 
(Low Order Byte) 

SWI 


1 

1 

Op Code Address 

1 

Op Code 




1 

Op Code Address + 1 

1 

Irrelevant Data (Note 1) 




1 

Stack Pointer 

0 

Return Address (Low Order Byte) 




1 

Stack Pointer — 1 

0 

Return Address (High Order Byte) 



5 

1 

Stack Pointer — 2 

0 

Index Register (Low Order Byte) 


12 

8 

1 

Stack Pointer — 3 

11 

Index Register (High Order Byte) 


7 

1 

Stack Pointer — 4 

H 

Contents of Accumulator A 



8 

1 

Stack Pointer — 5 

D 

Contents of Accumulator B 



9 

1 

Stack Pointer — 6 

■1 

Contents of Cond. Code Register 



10 

0 

Stack Pointer — 7 

1 

Irrelevant Data (Note 1) 



11 

1 

Vector Address FFFA (Hex) 

1 

Address of Subroutine (High Order 
Byte) 



12 

1 

Vector Address FFFB (Hex) 

1 

Address of Subroutine (Low Order 
Byte) 


RELATIVE 


BCC BHI BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMI BVS 

fl 

I 

1 

1 

0 

0 

Op Code Address 
Op Code Address + 1 
Op Code Address 2 
Branch Address 

1 

1 

1 

1 

Op Code 
Branch Offset 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

BSR 


1 

1 

Op Code Address 

1 

Op Code 




1 

Op Code Address + 1 

1 

Branch Offset 




0 

Return Address of Main Program 

1 

Irrelevant Data (Note 1) 


3 


1 

Stack Pointer 

11 

Return Addross (Low Order Byte) 




1 

Slack Pointer — 1 


Return Address (High Order Byte) 




0 

Slack Pointer — 2 

II 

Irrelevant Data (Nolo 1) 




0 

Return Address of Main Program 

II 

Irrelevant Data (Note 1) 



8 

0 

Subroutine Address 

1 

Irrelevant Djta (Noto 1) 


Note 1 . II device which is iidilresseil duriny this cycle uses VMA, then the Djta Hus will yo to the hiyh impedance three-state condition. 

Dependi’ny on bus capacitance, data Iroin the previous cycle may be retained on the Data Ous. 

Note 2. Data is iynoretl by the MPU. 

Note 3. For TS I', VMA 0 and Operanil data riocs not chantje. 

Note 4. While the MPU is waitiny lor the interru|)t, Hus Available will tjo hiyh indicatiny the lollowiny stales ol the control linos: VMA it 
low: Address Hus, M/W, and Data Hus are all in the hiyh impedance stolo. 
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Solid State 
Division 


Microprocessor Products 

CDP1802D 

CDP1802CD 

Preliminary Data* 


COSMAC Microprocessor 

Features: 

• Static silicon-gate CMOS circuitry— 

C04000 series compatible 

« Instruction fetch-execute time of 2.5/3.75 ^s 
atVoo = 10V 

■ Compatible with CDP1801 software 

• Full military-temperature range (—55 to -^^125^0 

■ High rtoise immunity, wide operating-voltage range 

• Single voltage supply 

• No minimum clock frequency ‘ 

■ Low power 

■ TTL compatible 

> Single-phase clock; optional on-chip 
crystal-controlled oscillator 

■ Simple control of reset, start, and pause 

■ 8-bit parallel organization with bidirectional data bus 

The RCA-CDP1802 is an LSI COS/MOS 
8-bit register-oriented central-processing unit 
(CPU) designed for use as a gerteral-purpose 
computing or control element in a wide 
range of stored-program systems or products. 

It has the same basic COSMAC architecture 
as the CDP1801 microprocessor (see Fig. 5). 
but has an expanded instruction set, including 
a more powerful set of branch and ALU 
instructions, and enhanced hardware and 
performance features. The COP 1802 incor- 
porates both the register and control chips 
of the CDP1801 on a single chip in a 40-lead 
hermetic dual-in-line ceramic package. 

The CDP1802D is functionally identical to 
the CDP1802CD. The CDP1802D has a 
recommended operating voltage range of 
3-12 volts; the COP1802CO, a recommended 
operating voltage range of 4-6 volts. 


■ Any combination of standard RAM and ROM 

■ Memory addressing up to 65,536 bytes 

■ Flexible programmed I/O mode 

■ Program interrupt mode 

■ On-chip DMA 

■ Four I/O flag inputs directly tested by 
branch instructions 

■ Programmable output port 

■ 91 easy-to-use instructions 

■ 16x16 matrix of registers for use as 
multiple program counters, data 
pointers, or data registers 




Fig. t^Typicef CDPJ802 micfoproeessor xystem. 


*Th# Oat« tnitndcd fe« •wicUnc* pwi- lnlo»rnai«on fu# mihed by HC A n beUf ved 

pout m r»»itui»n 9 lor tqwipniani (re «ccur«f« «r>d rc<>«b(e. However, no PfifUed in USA/2-76 

d«vict ii now bving ior mduvon m ou« »e»pon$ib«l»tv eirumcd by RCA lor »n 

•t«ndw0 line or commcrc<a((v avaiUoTf ixoducn. v*e, nor lor eny tnlringemenri ©I petend k(t| Regniered^ 

rer Cwr(«n< information on ih« ol ihi» ptugram, or Olher **ghi* ol third periiei which m^y Reonlr da(l) 

pl««w coniMl vowr HCA Salm Offtc*. rrtult from «tt uie. No ficmie ii granted ^ 

by *mpl»cal«on or Olhrrwitc urwJer any 
paitrti or paiarti rtghii of RCA. 
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Preliminary CDP1802D. CDP1802CD 



Fig. S^Typici! instruction ¥S. memory 
system eccess time. 

ARCHITECTURE 

The COSMAC block diagram is shown in 
Fig. 5. The prindpai feature of this system is 
a register array (R) consisting of sixteen 16* 
bit scratchpad registers. Individual registers 
in the array (R) are designated (selected) by a 
4*bit binary code from one of the 4-bit 
registers labeled N, P. and X. The contents of 
any register can be directed to any one of the 
following three paths: 

1. the external memory (multiplexed, 
higher-order byte first, on to 8 memory 
address lines); 

2. the D register (either of the two bytes 
can be gated to 0); 

3. the increment/decrement circuit where 
it is increased or decreased by one and 
stored back in the selected 16*bit 
register. 

The three paths, depending on the nature of 
the instruction, may operate independently 
or in various combinations in the same 
machine cycle. 

With two exceptions, COSMAC instructions 
consist of two 8-clock -pulse machine cycles. 
The first cycle is the fetch cycle, and the 
second— and third, if necessary— are execute 
cycles. During the fetch cycle the four bits 
in the P designator select one of the 16 regis- 
ters R (P) as the current program counter. The 
selected register R(P) contains the address of 
the memory location from which the instruc- 
tion is to be fetched. When the instruction is 
read out from the memory, the higher-order 
4 bits of the instruction byte are loaded into 
the I register and the lower -order 4 bits into 
the N. register. The content of the program 
counter is automatically incremented by one 
so that R(P) is now "pointing" to the next 
byte in the memory. 

The X designator selects one of the 16 regis- 
ters R(X) to "point" to the memory for an 
operand (or data) in certain ALU or I/O 
operations. 

The N designator can perform the following 
five (unctions depending on the type of 
instruction fetched: 

1. designate one of the 16 registers in R 
to be acted upon during register opera- 
tions; 
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Fig. 4— Typical total power dissipation ¥t. 
clock input frequency. 

2. indicate to the I/O devices a command 
code or device-selection code for peri- 
pherals; 

3. indicate the specific operation to be 
executed during the ALU instructions, 
types of tests to be performed during 
the Branch instructions, or the specific 
operation required in a class of mis- 
cellaneous instructions (70-73 and 78- 
7B); 

4. indicate the value to be loaded into P 
to designate a r>ew register to be used 
as the program counter R(P); 

5. indicate the value to be loaded into X 
to designate a new register to be used 
as data pointer R(X). 

The registers in R can be assigned by a pro- 
grammer in three different ways: as program 
counters, as data pointers, or as scratchpad 
locations (data registers) to hold two bytes 
of data. 

Program Counters 

Any register can be the rnain program 
counter; the address of the selected register 
is held in the P designator. Other registers in 
R can be used as subroutine program counters. 
By a single instruction the contents of the P 
register can be changed to effect a "call" to a 
subroutine. When interrupts are being ser- 
viced, register R(1) is used as the program 
counter for the interrupt servicing routine. At 
all other times the register designated as pro- 
gram counter is at the discretion of the user. 

Data Pointers 

'Die registers in R may be used as data 
pointers to indicate a location in memory. 
The register designated by X (i.e., R(X)) 
points to memory for the following instruc- 
tions (see Table I): 

1. ALU operations F0-F5, F7, 74, 75, 77; 

2. output instructions 61 through 67; 

3. input instructions 69 through 6F; 

4. certain miscellaneous instructions— 70- 
73. 78. 

The register designated by N (i.e.*, R(N)) 
points to memory for the "load O from 
memory" instructions ON and 4N and the 
"Store D" instruction BN. The register 
designated by P (i.e., the program counter) it 


- 245 - 


Preliminary CDP1802D, CDP1802CD 


li* I M* ) t/kt' 

MAO I MA2 I MA4 } MA« 


ft ^ y y y ^ 


j/o MtoursTS 


It 

1 ) 

) <j) Y cjs cj) y c|) c 

rri, 


uj 

CONtMOt 1 

DCIC 




rw»i. if*«>ioi 

•HOiiteCTKMAL 
6AU «OS 


Fig. S-CDP 1802 block diagram. 


used as the data pointer for ALU instructions 
F8-FD, FF, 7C, 70, 7F. During these instruc- 
tion executions the operation is referred to 
as “data immediate". 

Another important use of R as a data pointer 
supports the built-in Direct-Memory-Access 
(DMA) function. V-Zhen a OMA-ln or DMA- 
Out request is received, one machine cycle is 
"stolen". This operation occurs at the end of 
the execute machine cycle in the current 
instruction. Register R(0) is always used as 
the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written 
into (DMA-ln) the memory location pointed 
to by the R{0) register. At the end of the trans- 
fer, R(0) is incremented by one so that the 
processor is ready to act upon the next DMA 
byte transfer request. This feature in the 
COSMAC architecture saves a substantial 
amount of logic when fast exchanges of 
blocks of data are required, such as with 
magnetic discs or during CRT-display-refresh 
cycles. 

A program load facility, using the DMA-ln 
channel, is provided to enable users to toad 
programs into the memory. This facility pro- 
vides a simple, one-step means for initially 
entering programs into the microprocessor 
system and eliminates the requirement for 
specialized "bootstrap" ROM's. 

Data Registers 

When registers in R are used to store bytes of 
data, four instructions are provided which 
allow 0 to receive from or write into either 
the higher-order- or lowcr-oider-byte portions 


of the register designated by N. By this 
mechanism (together with loading by data 
immediate) program pointer and data pointer 
designations are initialized. Also, this tech- 
nique allows scratchpad registers In R to be 
used to hold general data. By employing 
increment or decrement instructions, such 
registers may be used as loop counters. 

The Q Flip Flop 

An internal flip flop, Q. can be set or reset by 
instruction and can be sensed by conditional 
branch instructions. The output of Q is also 
available as a microprocessor output. 

Interrupt Servicing 

Register R(1) is always used as the program 
counter whenever Interrupt servicing is ini- 
tiated. When an interrupt request comes in 
and the interrupt is allov/ed by the program 
(again, nothing takes place until the comple- 
tion of the current Instruction) the contents 
of the X and P registers are stored in the 
temporary register T, and X and P are set to 
rtew values; hex digit 2 in X and hex digit 1 
in P. Interrupt enable is automatically de- 
activated to inhibit further interruptions. The 
interrupt routine is now in control; the 
contents of T are saved by means of a single 
instruction (78) in the memory location 
pointed to by R(X). At the conclusion of the 
interrupt, the routine restores the pre-intcr- 
rupied values of X and P with a single in- 
struction (70 or 71). The interrupt-enable 
flip-flop can be activated to permit further 
interrupts or can be disabled to prevent them. 


•5 
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COSMAC RcqUler Summary 


0 

8 8>I« 

Data Register (Accumulator) 

m 

■ocni 

Data Flag (ALU Carry) 

El 

16 Dlls 

I of 16 5x:raich(>ad Rcgisteis 

p 

4 Bits 

Designates which register is 
Program Counter 

X 

4 Bits 

Designates which register is 
Data Pointer 


1 

DllQ 

Holds Low-Order Instr. Digit 

a 

oym 

Holds High Order Instr. Digit 

■ 

8 Bits 

Holds old X. P after Interrupt 
(X is high byte) 

B 

1 Bit 

Interrupt Enable 

Q 

1 Bit 

Output Flip Flop 


INSTRUCTION SET 


The COSMAC instruction summary is given 
in Table I. Hexadecimal notation is used to 
refer to the 4 bit binary codes. 

In all registers bits are numbered from the 
least significant bit (LSB) to the most signi- 
ficant bit (MSB) starting with 0. 

R(W): Register designated by W. where 
WsNor X.orP 


n(W).0; Lower-order byte of R(W) 

R(W).l: Higher-order byte of R{W) . 

NO = Least sigriiflcant Bit of N Register 
Operation Notation 

M(R(N))^D; R(N)+ 1 
This notation means: The memory byte 
pointed to by R(N) is loaded into 0, and 
R(N) is incremented by 1. 


TABLE I- INSTRUCTION SUMMARY 


(For Notes, see page 9) 


INSTRUCTION 
MEMORY REFERENCE 

MNEMONIC 


OPERATION 

LOAD VIA N 

LON 

ON 

MIRlNlhD; FOR N NOT 0 

LOAD ADVANCE 

LDA 

4N 

M(R(N))-D; R(N) +1 

LOAD VIA X 

LDX 

FO 

M(R(X))-D 

COAD VIA X ANO ADVANCE 

LDXA 

72 

M(R(X))-D; R(X) +1 

LOAD IMMEDIATE 

LOI 

F8 

M(R(P))-D: R(P) +1 

STORE VIA N 

STR 

5N 

D-M(R(N)) 

STORE VIA X AND 

STXD 

73 

t>-M(R(X)); R(X) -1 

DECREMENT 




1 REGISTER OPERATIONS 

INCREMENT REG N 

INC 

IN 

R(N)+1 

DECREMENT REG N 

OEC 

2N 

R(N)-1 

INCREMENT REG X 

IRX 

60 

R(X) +1 

GET LOW REG N 

GLO 

8N 

R(N).0-D 

PUT LOW REG N 

PLO 

AN 

t>R(N).0 

GET HIGH REG N 

GHI 

9N 

R(N).1*D 

PUT HIGH REG N 

PHI 

BN 

[>R|N).1 


OR 

OR 



OR IMMEDIATE 

ORI 

F9 

M(R(P)) OR [>D; R(P) +1 

EXCLUSIVE OR 

XOR 

F3 

M(R(X)) XOR O-D 

EXCLUSIVE OR IMMEDIATE 

XRI 

FB 

M(R(P)) XOR D-D; R(P) +1 

AND 

AND 

F2 

M(R(X)) AND OD 

ANO IMMEDIATE 

ANI 

FA 

M(R(P)) AND D-D: RIP) +1 

SHIFT RIGHT 

SHR 

F6 

SHIFT D RIGHT. LSB(OI-DF. 




O-MSBID) 

SHIFT RIGHT WITH 

SHRC J 

76* 

SHIFT D RIGHT. LS8IDI-DF. 

CARRY 



DF-MSB(D) 

RING SHIFT RIGHT 

RSHR ) 



SHIFT LEFT 

SHL 

FE 

SHIFT D LEFT. MSB(DI-DF, 




0-LSBlD) 

SHIFT LEFT WITH 

SHLC } 

7E« 

SHIFT D LEFT. MSBIDI-DF. 

CARRY 

[ 


DF-LSB(D) 

RING SHIFT LEFT 

RSHL ) 




• NOtC: THIS INSTRUCTION IS ASSOCI ATCO WITH MOPC THAN ONC 
MNiMUNlC rACH MNfMONlC IS INDIVIOUAILY llSTCO. 

♦♦NOTE THE AHlIllMMlCOPr RATIONS ANO lllE SHIFT INSTRUCTIONS 
ARC THE ONLY INSTRUCTIONS THAI CAN ALTER THE OF. 

AFTER AN AUO INSTRUCTION 

OF • 1 fll NOUS ACARRV MAS OCCURRED 
or •OOINOTIS A CARRY MAS NOT OCCURHCO 
AFTER A SUiltHACT INSTRUCTION 

OF • 1 Of NOf ISNOUOHHOW D ISA TRUE FOSTTIVC NUUBER 

OF • OOf NOUS A ROM ROW O IS T WO'S COMPI f MENT 

THE SYNTAX "'(NOT OF |" Of NOUS THE SUOIHACTION OF THE BORROW 
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INSTRUCTION SUMMARY (CONT'D) 


INSTRUCTION 

MNEMONIC 


OPERATION 

Iarithmetic operations** 

ADD 

ADD 

F4 

M(R(XI) <D-DF, 0 

ADD IMMEDIATE 

AOI 

FC 

M(R{P|) <D'DF. D; R(P| +1 

ADD WITH CARRY 

AOC 

74 

M(R(X)I +D 4DF-DF, D 

ADO WITH carry. 

ADCI 

7C 

M(R(P)) -tD +DF-DF. D 

IMMEDIATE 



R(P) 4 1 

^SUBTRACT 0 

SO 

F5 

M(R(X)I-D>DF, D 

SUBTRACT 0 IMMEDIATE 

SOI 

FD 

M(R(P))-D-DF, D; RIP) +1 

SUBTRACT D WITH 

SOB 

75 

M(R|X))-D-(NOT DF)*DF, D 

BORROW 




SUBTRACT 0 WITH 

SOBI 

70 

M(R(P))-D-(N0T DF)*DF. D; 

BORROW, IMMEDIATE 



R(P) +1 

SUBTRACT MEMORY 

SM 

F7 

D-M(R(XI)»DF, 0 

SUBTRACT MEMORY 

SMI 

FF 

D-M(R(P))*DF, D; 

IMMEDIATE 



R(P) +1 

SUBTRACT MEMORY WITH 

SMB 

77 

D-M(R(X))-(N0T DFI-DF, D 

BORROW 




SUBTRACT MEMORY WITH 

SMBI 

7F 

D-M(R(P))-(N0T DF)-DF, D 

BORROW, IMMEDIATE 



RIP) +1 

1 BRANCH INSTRUCTIONS-SHORT BRANCH 

SHORT BRANCH 

BR 

30 

M(R(P))»R(P).0 

NO SHORT BRANCH 

NBR 

38* 

R(P) +1 

(SEE SKP) 




SHORT BRANCH IF D=0 

BZ 

32 

IF D=0, M(R(P))^R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF 

BNZ 

3A 

)F D NOT 0, M(R(P))>R|P).0 

D NOT 0 



ELSE RIP) +1 

SHORT BRANCH IF DF=1 

BDF ) 

33* 

IF DF=1, M(R(P))-R(P).0 

SHORT BRANCH IF POS 

BPZ ( 


ELSE RIP) +1 

OR ZERO 




SHORT BRANCH IF EQUAL 

BGE \ 



OR GREATER 

/ 



SHORT BRANCH IF DF=0 

BNF » 

3B* 

IF DF=0, M(R(P))-R(P).0 

SHORT BRANCH IF MINUS 

BM V 


ELSE RIP) +1 

SHORT BRANCH IF LESS 

BL 1 



SHORT BRANCH IF 0=1 

BQ 

31 

IF 0=1, M(R(P))^R(P|.0 




ELSE RIP) +1 

SHORT BRANCH IF Q=0 

BNQ 

39 

IF 0=0, M(R(P))«R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF EF1 = 1 

B1 

34 

IF EF1 = 1, M(R(P))-R(P|.0 




ELSE R(P) +1 

SHORT BRANCH IF EF1=0 

BN1 

3C 

IF EF1=0, M(R(P))4R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF EF2=t 

B2 

35 

IF EF2=1. M(R(P))»R(P).0 




ELSE R(P) +1 

SHORT BRANCH IF EF2=0 

BNZ 

3D 

IF EF2=0. M(R(P))«R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF EF3=1 

B3 

36 

IF EF3=1, M(R(P))-R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF EF3=0 

BN3 

3E 

IF EF3=0, M(R(P|)^R(P).0 




ELSE RIP) +1 

SHORT BRANCH IF EF4=1 

84 

37 

IF EF4=1. M(R(PI)*R(P|.0 




ELSE RIP) +1 

SHORT BRANCH IF EF4=0 

BN4 

3F 

IF EF4=0, M(R(P))*R(P).0 




ELSE RIP) +1 


4N0TC: THIS INSTRUCTION IS ASSOCIATED WITH MORE 1HANON£ 

MNEMONIC EACH MNEMONIC IS INOiVIOUAllY USfCO 
♦•NOTE; iMf ARITHMETIC OPERATIONS AND THE SMIf 1 INSTRUCTIONS 
ARE THE ONLY INSTRUCTIONS THAT CAN ALTER THE OF. 

AFTER AN ADO INSTRUCT ION: 

OF • 1 DENOTES A CARRY HAS OCCURRED 
OF • ODE NOTE S A CARRY HAS NOT OCCURRED 
AFTER A SUUTHACr INSTRUCTION: 

OF - I DENOTES NO UORROW. 0<S AIRUC POSITIVE NUMBER 

DF •OOLNOTES A BORROW. 0 IS TWO'S COMPUMCNT 

THE SYNTAX "-(NUT UF )'* DENUUS IMf SUBTRACIlON QF THE BORROW 
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INSTRUCTION SUMMARY (CONrP) 


INSTRUCTION 

MNEMONIC 

OP 

CODE 

OPERATION 

[ BRANCH INSTRUCI IONS- LONG IIRANCH 



LONG BRANCH 

NO LONG BRANCH 
(SEE LSKPI 

LONG BRANCH IF 0=0 
LONG BRANCH IF D NOT 0 
LONG BRANCH IF DF=1 
LONG BRANCH IF DF=0 
LONG BRANCH IF 0=1 
LONG BRANCH IF 0=0 

LBH 

NLBR 

LBZ 

LBNZ 

LBOF 

LBNF 

LBQ 

LBNO 

CO 

C8* 

C2 

CA 

C3 

CB 

Cl 

C9 

M(R(P|).R(P),1 ' 

M(R(P| <1).R(P),0 
RIP) 42 

IF D=0. M(R(P))-R(P|.1 

M(R(P) 41).R(P),0 
ELSE R(P| 42 

IF D NOT 0, M(R(P)).R(P),1 

M(R(P) 41).R(P).0 
ELSE R(P) 42 
IF DF=I, M(R(P))->R(P).l 

M(R(P) 4l).R(P).0 
ELSE R(P| +2 
IF DF=0. M(R(P))*R(P).1 

M(R(P) 41).R(P),0 
ELSE RIP) +2 
IF 0=1, M(R(P))^R(P).1 

M(RIP) 41).R(P).0 
ELSE RIP) +2 
IF 0=0, M|R|P))-R(P).1 

M(R(P) 4)).R(P),0 
ELSE RIP) +2 

SKIP INSTRUCTIONS 




SHORT SKIP 

SKP 

38* 

RIP) +1 

(SEE NBRI 




LONG SKIP 

LSKP 

C8* 

R(P) 42 

(SEE NLBR) 




LONG SKIP IF 0=0 

LSZ 

CE 

IF D=0, RIP) +2 
ELSE CONTINUE 

LONG SKIP IF D NOT 0 

LSNZ . 

C6 

IF D NOT 0, BIP) +2 
ELSE CONTINUE 

LONG SKIP IF 0F=1 

LSOF 

CF 

IF DF=1, RIP) +2 
ELSE CONTINUE 

LONG SKIP IF DF=0 

LSNF 

C7 

IF DF=0, RIP) +2 
ELSE CONTINUE 

LONG SKIP IF 0=1 

LSQ 

CD 

IF 0=1, RIP) +2 
ELSE CONTINUE 

LONG SKIP IF 0=0 

LSNQ 

C5 

IF 0=0, RIP) +2 
ELSE CONTINUE 

LONG SKIP IF IE=1 

LSIE 

CC 

IF IE=1, RIP) +2 
ELSE CONTINUE 

CONTROL INSTRUCTIONS 




IDLE 

IDL 


WAIT FOR DMA OR 
INTERRUPT; M(R(0))»BUS 

NO OPERATION 

NOP 


CONTINUE 

SET P 

SEP 


N*P 

SET X 

SEX 


N»X 

SET Q 

SEQ 


1*0 

RESET Q 

REQ 


0*0 

SAVE 

SAV 

78 

T*M(R(X)) 

PUSH X.P TO STACK 

MARK 

79 

(X,P)*T; IX,P)*M(R(2|) 
THEN P*X; R(2)-1 

RETURN 

RET 

70 

M(R(X))*|X.P); R(X) 41 
1*IE 

DISABLE 

DIS 

71 

MIRIXDMX.P); RIX) 4-1 
0*IE 



^An idle instruciion initiates a repeating Si cycle. The processor will continue to idle 
until an I/O request (INTERRUPT, OMA-IN, or DMA OUT) is activated. When the 
request is acknowledged, the IDLE cycle is terminated and the I/O request is serviced. 
amJ then normal operation is resumed. 

♦NOTE: THtS INSTRUCTION IS ASSOCIATED V/ITH MORE THAN ONE 
MNEMONIC. EACH MNEMONIC 1$ INOIVIOUALLY LISTED. 
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INSTRUCTION SUMMARY ICONT'D) 


INSTRUCTION 

MNEMONIC 

OP 

CODE 

OPERATION 

1 INPUT-OUTPUT BYTE TRANSFER 1 

OUTPUT 1 

OUT 1 

61 

M(RIX))>BUS; RIXI -M; N LINES = 1 

OUTPUT 2 

OUT 2 

62 

M(R|X))^BUS; R(X) +1; N LINES = 2 

OUTPUT 3 

OUT 3 

63 

M(R(X))*BUS; R(X) +1; N LINES = 3 

OUTPUT 4 

OUT 4 

64 

M(R|X))*BUS; R(X| s i; N LINES = 4 

OUTPUT 5 

OUT 5 

65 

M(R|X))*BUS; RIX) +1; N LINES = 5 

OUTPUT 6 

OUT 6 

66 

M(R(X))»BUS; RIX) +1; N LINES = 6 

OUTPUT 7 

OUT 7 

67 . 

M(R|X))*BUS; RIX) -H, N LINES = 7 

jNPUT 1 

INP 1 

69 

BUS^MIRIX)); BUS*D; N LINES = 1 

INPUT 2 

INP 2 

6A 

BUS^MIRIX)); BUS=D; N LINES = 2 

INPUT 3 

INP 3 

6B 

BUS-*MIRIX)I; BUS^D; N LINES = 3 

INPUT 4 

INP 4 

6C 

BU&>MIRIX)); BUS^D; N LINES = 4 

INPUT 5 

INP 5 

60 

BUS-MIRIXI); BUS*0; N LINES = 5 

INPUT 6 

INP 6 

6E 

BUS*MIRIX)); BUS-D; N LINES = 6 

INPUT 7 

INP 7 

6F 

BU&*MIRIX»; BUS^D: N LINES = 7 


’ Long-Branch, Long-Skip and No Op instructions are the only instructions that require 
three cycles to complete (1 fetch + 2 execute). 

Long-Branch instructions are three bytes long. The first byte specifies the condition to 
be tested; and the second and third byte, the branching address. 

The long-branch instructions can; 

a) Branch unconditionally 

b) Test for 0=0 or 0^ 

c) Test for DF=0 or DF=1 
d| Test for Q=0 or 0=1 

e) effect an unconditional no branch 

If the tested condition is met, then branching takes place; the branching address bytes 
arc loaded in the high-and-low-order bytes of the current program counter, respectively. 
This operation effects a branch to any memory location. 

If the tested condition is not met. the branching address bytes are skipped over, and 
the next instruction in sequence is fetched and executed. This operation is taken for 
the case of unconditional no branch. 

2. The short-branch instructions are two bytes long. The first byte specifies the 
condition to be tested, and the second specifies the branching address. 

The short-branch instructions can: 

a) Branch unconditionally 

b) Test for 0=0 or OsfO 

c) Test for DF=0 or DF=t 

d) Test for Q=0 or Q=1 

e) Test the status (1 or 0) of the four EF flags 

f) Effect an unconditional no branch 

If the tested condition is met, then branching takes place; the branching address byte 
is loaded into the low-order byte position of the current program counter. This effects 
a branch with the current 256-byte page of the memory, i.e., the page which holds the 
branching address- If the tested condition is not met, the branching address byte is 
skipped over, and the next instruction in sequence is fetched and executed. This same 
action is taken in the case of unconditional no branch. 

3. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) 
and eight Long-Skip instructions. 

The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch * 1 execute). 
Its action is to skip over the byte following it. Then the next instruction in sequence is 
fetched and executed. This SKP instruction is identical to the unconditional no-branch 
instruction (NBR) except that the skipped-over byte is not considered part of the program. 
The Long-Skip instructions take three cycles to complete 1) fetch * 2 execute). 

They can: 

a) Skip unconditionally 

b) Test for D=0 or D^O 

c) Test for DF=0 or DF= I 

d) Test for 0=0 or 0=1 

e) Test for IE=1 

If the tested condition is met. then Long Skip takes place; the current program counter 
is incremented twice. Thus two bytes are skipped over and the next instruction in sequence 
is fetched anrl executed. If the tested condition is not met. then no action is taken. 
Execution is continued by fetching the next instruction in sequence. 

•9- 
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SIGNAL DESCRIPTIONS 


OUSO to OUS 7 8 l>il difcciional DATA BUS lines. These lines arc used for 

(Data Bus) transferring data between the memory, (he microprocessor, 

and I/O devices. 

NO to N2 (I/O Command) Issued by an I/O instruction to signal the I/O control logic 
ol a data transfer between memory and I/O Interface. These 
lines can be used to issue command codes or device selection 
codes to the f/0 devices (independently or combined with 
the memory byte on the data bus when an I/O instruction 
is being executed). The N ^ili.arc jow at all times except 
when an_l/0 irntructioTTis being executed. During thisjim.e 
t ^if s tate is th e same ajsjhe^cofxespphding bits in the 
/ egiste r. 

The direction of data .flow is defined in the I/O instruction 
by bit N3 and is indicated by the level of the MRD signal. 
MRO = Vqq: Data from I/O to CPU and Memory 
MRD = Vgg; Data from Memory to I/O 


EF1 to EF4 
(4 Flags) 


INTERRUPT. OMA IN. 

OMA-OUT 

(3 I/O Reouests) 


SCO. SCI, 

(2 State Code Lines) 


TPA, TPB 
{2 Timing Pulses) 


These levels enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by 
the conditional branch instructions. They can be used in 
conjunction with the INTERRUPT request line to establish 
interrupt priorities. These flags can also be used by I/O 
devices to *'calt the attention" of the processor, in which 
case the program must routinely test the status of these 
flag(s). The fiag(s) are sampled at the beginning of every SI 
cycle. 

These signals are sampled by the CDP1802 during the 
interval between the leading edge of TPB and the leading 
edge of TPA. 

Interrupt Action: X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruc* 
tion execution is resumed. 

DMA Action: Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 

Note; In the event of concurrent DMA and INTERRUPT 
requests. DMA-IN has priority followed by DMA-OUT and 
then INTERRUPT. 

These lines indicate that the CPU is; 1) fetching an instruc- 
tion. or 2) executing an instruction, or 3) processing a DMA 
request, or 4) acknowledging an interrupt request. The levels 
of state code are tabulated below. AM states are valid at TPA. 
H = Vcc. L = Vss- 


State Type 

Slate Code Lines 1 

SCI 

SCO 

so (Fetch) 

L 

L 

Si (Execute) 

L 

H 

S2 (DMA) 

H 

L 

S3 (Interrupt) 

H 

H 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The 
trailing edge of TPA is used by the memory system to latch 
the higher-order byte of the 16 bit memory address. TPA is 
suppressed in IDLE when the CPU is in the load mode. 


MAO to MA7 The higher-order byte of a l(5 bit COSMAC memory address 

(8 Memory Address Lines) appears on the memory address lines MAO-7 first. Those 
bits required by the memory system are strobed into ex- 
ternal address latches by timing pulse TPA. The low-order 
byte of the )Cbit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of G4K bytes. 
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MWR (Write Pulse) 
MRD (Read Level) 


Q 

CLOCK 


XTAL 

W^. CLEAR 
(2 Control Lines) 


.Preliminary CDP1802D, CDP1802CD 

A 'negative pulse apt>carinq in a memorv-writc cycle, after 
the address lines have stabilized. 

A low level on MRD indicates a memory read cycle. It can 
be used to control tiuec state outputs from the addressed 
memory which may have a common data input and output 
bus. If a memo ry docs not have a three-state high-impedance 
output, MRD is useful for driving memory /l^us separator 
gates, h is also used to indicate the direction of data trans- 
fer during an I/O instruction: 

MRD “ Data from I/O to CPU and Memory 
MRD * Vgg: Data from Memory to I/O 

Single bit output from the CPU which can be set or reset 
under program control. During SEQ or RED instruction 
execution, O is set or reset between the trailing edge of 
TPA and the leading edge of TPB. 

Input for externally generated single-phase clock. A typical 
clock frequency is 6.4 MHz at Vqq = Vq[) « 10 volts. 
The clock is counted down internally to 8 clock pulses per 
machine cycle. 

Connection to be used with clock input terminal, for an 
external crystaL if the on-chip oscillator is utilized. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTADin parallel with a resistance (10 megohms typ.). 
Frequency trimming capacitors may be required at terminals 
1 and 39. 

Provide four control modes as listed in the following truth 
table: 


CLEAR 

WAIT 

MODE 

L 

L 

Load 

L 

H 

Reset 

H 

L 

Pause 

H 

H 

Ron 


The function of the modes are defined as follows: 
Load 

Holds the CPU in the IDLE execution state and allows an 
I/O device to load the memory without the need for a 
"bootstrap*' loader. It modifies the IDLE condition so that 
OMA-IN operation does not force execution of the next 
instruction. 

Reset 

Registers I. N. Qare reset. IE is set and O's (V55I are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in SI. The first machine cycle 
after termination of reset is an initialization cycle. During 
this cycle the CPU remains in Si and registers X. P, and R(0) 
are reset. Interrupt and DMA servicing are suppressed during 
the initialization cycle. 

The next cycle is an SO, SI. or an S2 but never an S3. With 
the use of a 71 instruction followed by 00 at memory 
locations 0000 and 0001. this feature may be used to reset 
IE, $0 as to preclude interrupts until ready for them. Power- 
up reset can be realized by connecting an external RC to 
CLEAR. 

Pause 

Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input dock. The oscillator 
continues to operate, but subsequent clock transitions are 
ignored. 

Run 

May be initiated from the Pause or Reset mode functions. 
If initiated from Pause, the CPU resumes operation on the 
first negative high-to-low transition of the input clock. 
When initiated from the Reset operation, the first machine 
cycle following Reset is always the initialization cycle. The 
initialization cycle is then followed by a DMA (S2) cycle or 
fetch (SO) from location 0000 in memory. 

• II • 
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'^DD* ^SS’ '^CC interna! voltage supply Vqq is isolated from the Input/ 

(Power Levels) Output voltage supply so that the processor may 

operate at maximrrm speed while iriierfacing with varioui 
external circuit technologies, including T^L at 5 volts. Vqq 
must be less than or equal to Vqq. All outputs swing from 
V 55 to Vqq. The recommended input voltage swing is 
VsstoVQQ. 



mr- 4.o«o 


fig. 6-CDP1802 microprocessor state 
transitiorts (Run Mode}. 


The CDP1802 and CDP1802C CPU stale 
transitions when in the RUN mode are shown 
in Fig. 6. Each machine cycle requires the 
same period of time~8 clock pulses. The 
execution of an instruction requires either 
two or three machine cycles, SO followed by 
a single Si cycle or two SI cycles. S2 is the 
response to a DMA request and S3 is the 
interrupt response. 


OPERATING AND HANDLING CONSIDERATIONS FOR CDP1802D AND CDP1802CD 


1. Handling 

Afl inputs and outputs of this device have 
a network for electrostatic protection 
during handling. Recommended handling 
practices for COS/MOS devices are de- 
scribed in ICAN-6000 "Handling and 
Operating Considerations for MOS In- 
tegrated Circuits", available on request 
from RCA Solid State Division, Box 3200, 
Somerville, N.J. 08876. 

2 . Operating 

Operating Voltage 

During operation near the maximum 
supply voltage limit, care should be taken 
to avoid or suppress power supply turn- 
on and turn-off transients, power supply 
ripple, or ground noise: any of these 
conditions must not cause Voq-V$s to 


exceed the absolute maximum rating. Vqq 
must be less than equal to Vqq. Power 
supplies should be sequenced to insure 
compliance. 

Input Signals 

To prevent damage to the input protec- 
tion circuit, input signals should never be 
greater than Vqd '^55 than Vs$. 
Input currents must not exceed 10 mA 
even when the power supply is off. 
Unused Inputs 

A connection must be provided at every 
input terminal. All unused input termi- 
nals must be connected to cither VpD or 
V$$. whichever is appropriate. 

Output Short Circuits 
Shorting of outputs to Vqq or V$S n>ay 
damage COS/MOS devices by exceeding 
the maximum device dissipation. 


DIMENSIONAL OUTLINE 


CDP1802D, CDP1802CD 
40-Lead Dual-ln-Line Ceramic 



DIM. 

MILLfMETERS 

INCHES 

MIN. 

MAX. 

MIN. 

MAX. 

A 

SO 30 

SI 30 

1 980 

7 070 

C 

2*2 

3 93 

0 095 

0 155 

D 

043 

0S6 

0017 

0 073 

F 

l.?7 RtF. 

0 050 REF. 

G 

?S4 BSC 

0 100 BSC 

M 

0 76 

1 78 

0 030 

0 070 

J 

0?0 

0 30 

0 008 

001? 

K 

3 18 

4 4S 

0 1?5 

0 175 

L 

14 74 

IS 74 

0 580 

0 670 

M 

- 

70 


70 

P 

064. 

1 77 

0 0?5 

0 050 

N 

.0 

40 


NOIfS 

1. t«MSt wiihtn 0 13 mm (0 OOSI ol tiut poution 


•I frMMimum coodilion. 


When Ineorpofctlng RCA Solid Stst* Device* In 
equipment. It li r«caniMi«n<l«il iliei t»« <t««tgo«r 
refer to "Upareting Contltl«retlont tor ttCA Solid 
Stele Oevicer**. Form No. ICC 407. ev»il«t>le on 
rec)u««t (rom MCA Solltl Siete Ol«l*fon, Ook 3700. 
Sornervllle. N. J. Oull/d. 

RCAISolid State Oivision|Sametville, NJ 08876 


f. Oirrterxioo *'L“ lo tenter ol leedt «wKen formed perellet. 
). When ihit device n tuppited toider dipped, the mjumum 
teed ihicVneit (narrow portion) will not eaceed 0 013 in. 
(0 33 mm) 
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